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A HICROPHO~O LYSIS-AHALYSIS PROCESS 

TO MEASURE CELL CHARACTERISTICS AHD DIAGNOSE DISEASES 

BACKGROUND OF THE INVENTION 

Most biological cells can drastically change their shape 

(called cell deformability) without a change in the functional 

integrity of the cell membrane. Under certain conditions, the 

cell membrane can rupture to lose cell contents (called cell 

fragility). Cells can have any combina~ion of a high-to-low 

~eformability and a high-to-low fragility. However, most cells 

normally have high deformability and moderate-to-low fragility. 

Deformability is an important characteristic for function of 

some normally stationary cells such as "sensory receptors" and 

normally moving cells such as blood and lymph ·cells. Cell 

fragility is an important characteristic for almost all body 

cells because changes in the cell environment can s.hift water 

into a cell to rupture fragile cells. Thus, changes in cell 

fragility can also change the ability of a cell to perfonn its 

normal function. For example, an abnormally high fragility to 

rupture part of the circulating pool of red blood cells will 

reduce the transport of oxygen to tissues. Thus, fragility might 

clinically be a more important cell characteristic than 

deformability. 
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cell fragility changes wit!- cell age, d~i:atiori o.f tlood-b:ink : 

storaqe, treatment with a variety of membrane-binding drugs, and 

proqres_sion of membrane or hemoglobin-related diseases such as 

sickle-cell anemia and diabetes. Thus, a rapid, highly accurate, 

and easily applied method is needed for clinical measurements to 

assess cell fragility as an index of cell ability to function 

(called cell integrity). The current methods use mechanical 

forces primarily to assess the defoDilability or fragility of red 

blood cells. These current methods include Osmotic-Gradient 

Ektacytometry, Filtration, Micropipette Suction, and Osmotic 

JFragility. Of these, only the Osmotic Fragility method is 

commonly used in clinical laboratories. 

Osmotic-Gradient Ektacytometry is one technology that has 

been developed to measure cell deformability. This technology ·,, 
uses a viscometer to measure shape changes which are induced in 

red blood cells by different osmotic solutions at various levels 

of .. rotational speed (called applied shear stress). The use of 

different osmotic solutions offers the potential for this 

Ektacytometry method to determine several properties which could 

influence the deformability of red blood cells. However, the 

osmotic-spectrum curves which are produced by Ektacytometry are 

complex and very difficult to interpret. These curves are also 

subject to high variability due to changes in sample ambient 

temperature, pH, and plasma osmolality. Thus, Ektacytometry 

currently requires very sophisticated equipment, extensive 
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operator training, and highly contr~lle~ te~t c~nditi~ni to mak3 

it usable, but only in a few research laboratories and not in the 

clinical setting. 

Other methods for measuring cell def ormability include 

filtration through various size pores, aspiration of cells into 

micropipettes of fixed tip size and taper, and a photometric 

technique. All of these methods also require very sophisticated 

equipment and substantial operator training; and they are 

extremely time consuming for analysis of relatively few cells in 

la few samples. Thus, these methods have also not been accepted 

into general clinical use. 

Impedance measurements (Bands et al, United States Patent 

No. 4,835,457) and time measurements (David D. Paterson, United -, 
States Patent No. 4 1 491,012) have been made on red cells that 

pass under pressure through a membrane or a foil system (Helmut 

Jahn, United States Patent No. 4,797,606) as variations of the 

Filtration method for measurement of cell deformability. These 

variations are ~xtremely sensitive to manufacturing tolerances on 

the filter or foil and they primarily measure only deformability 

rather than cell fragility. Thus, these variant Filtration 

methods have also not been accepted into common clinical use. 

The Osmotic Fragility test was one of the earliest methods 

that was developed for assessment of red blood cell integrity, 
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and it is one of the few tests currently in clinical use. The 

osmotic Fragility test is time-consuming, requires multiple blood 

:handling steps, usually requires relatively large blood samples, 

iand provides no information about the lysis (cell membrane 

disruption) rate. These limitations and the lack of sensitivity 
I 
;to mild or moderate changes in cell fragility has often led to 
i 
lthe clinical use of this osmotic test only for diagnosis of one 

:disease called hereditary spherocytosis. 

It was first shown some fifty years ago that some chemicals , 
can be changed by light (called photoactivation) to induce the 

rupture or breakup of red blood cells (called hemolysis) in a 

test tube. Since then, this basic process (called 

photohemolysis) has been extensively studied in a variety of 

te~t-tube experiments. 

The mechanism for photohemolysis is oxygen dependent and 

probably involves the generation of singlet oxygen with the 

subsequent oxidation of proteins in the red blood cell membrane. 

This protein oxidation leads to the creation of water channels 

with an increase in passive cationic exchange and the subsequent 

influx of water into the cell to produce hemolysis. 

Photohemolysis could also involve peroxidation of the lipid 

layers of the cell membrane. This peroxidation would alter 

membrane fluidity in the lipid bilayer to limit the ability of 
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lhe cell to undergo shape change-s, whicn are "depend.:!nt ·.::in chc..uge~ 
~n the lipid bilayer. 

Thus, there is considerable scientific evidence to show that 

Lertain chemical agents can be photoactivated to disrupt red 

lood cells by altering either the protein or the lipid layer of 

the cell membrane. These membrane alterations disrupt membrane 

integrity to permit water inflow which changes cell shape (called 

cell deformability) by increasing cell volume until the "internal 

cell pressure" breaks the cell membrane, (called cell fragility) 

~ufficiently to permit loss of cell contents (called lysis or 

hemolysis in the case of red blood cells). 

Current clinical methods u_se milliliter quantities of blood 

so~utions to measure the osmolality (equivalent to internal water 

pressure) at which hemolysis occurs. However, these hemolysis 

methods cannot separate changes in deformability from those in 

fragility, cannot distinguish between loss of membrane integrity 

due to protein layer changes and that due to lipid layer changes, 

and cannot determine "rates of hemolysis" to provide a more 

sensitive hemolysis test for clinical use. 

Current clinical methods are "macro" techniques in that 

relatively large blood volumes (milliliter quantities) are 

exposed to various osmotic solutions to determine hemolysis. 

These Osmotic Fragility tests are generally performed in 
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:;:elatively large test tubes or cuvettes "using parallel""light' 'i.or· 

lctivation. Likewise, current photohemolysis research methods 

Cre also "macro" techniques in that milliliter quantities of 

lood are exposed to photoactivation, and long analysis times are 

equired to obtain a single measurement. Photoactivation of red 

lood cells incubated with O.lmM of protoporphyrin as a "cell-

. attack" agent requires about twenty minutes of illumination time 

o achieve a modest 20% hemolysis while a 100% hemolysis requires 

a 25-minute or longer exposure. Similarly, more than twenty 

minutes of light exposure is needed with pheophorbide as the 

•cell-attack agent to give about a 90% hemolysis. Light expo·sures 

of 3-4 hours are needed with eosin-isothiocyanate as the cell-

attack agent to give maximal hemolysis which occurs about 11 

hours after photoactivation. All of these current methods 

require extended ti.me periods primarily because they use 

unfocused light which limits the activation to low light power 

densities. 

All of the current Osmotic Fragility and Photohemolysis 

_methods require multiple dilutions, centrifugation, and analysis 

in a spectrophotometer to give single measurements of a percent 

cell hemolysis. Thus, the current clinical and research methods 

are time consuming, and simultaneous light-dose and time­

dependent relationships are next-to-impossible to obtain from one 

blood sample. Some researchers have used a light scattering 

device to detect photohemolysis.· However, this device is very 

6 



' 

_, ............. _______ ........,. _____ . ....__ 

r ' 

~nsitive to very small changes :in =ed ~l~od .cell r.on~entratioub, 

nd this device requires a monolayer of red blood cells with a 

ed cell concentration of less than 0.00025% which is extremely 

ifficult to achieve even by current micropipetting systems. 

ven then, this cell monolayer method is quite time-consuming 

~ince 100% hemolysis requires 4 hours with phloxine B as the 

cell-attack agent. 
I 
I 

I SUMMARY OF THE INVENTION ' 

The present invention includes a new "microphotolysis" 

process to apply precise quantities of focused light energy to a 

1precise microscopic area of a very small cell sample (a cell 

/micro-sample of less than 25 µ1) to activate a chemical agent 
i 
:which then attacks the nearby cell membranes. The present : -, 
I 

:invention includes a new "microphotoanalysis" process which 

,measures, as a function of time, the precise degree of cell 

disruption which is caused by the photoactivated chemical in the 

microscopic area of cell-attack. This procedure gives a 

·quantitative,· time-related, light-dose dependent measure of cell 

fragility. 

The present invention (called the Microphoto Lysis-Analysis 

process) has several advantages over other current methods which 

give relatively imprecise estimates of cell deformability or cell 

fragility. The Microphoto Lysis-Analysis process uses focused 
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iqht to activa_te the cell-attack chemical Only in' ·a very sma.i..l 

efined area of a cell micro-sample. Thus, multiple micro-sample 

reas can be used to obtain multiple photoactivations with one 

rea as an unactivated control in a single micro-sample. Also, 

ach micro-sample area is analyzed before photoactivation to 

rovide its own control value for determination of the lysis 

esponse. In contrast to other methods, this multiple-activation 

elf-control feature of the present invention provides an 

"energy-dose lysis-response" test to give very precise time-

elated measurements of cell membrane £~agility. 

Unlike other methods, the use of focused light on a small 

area of a cell micro-sample in the present invention only 

requires relatively short photoactivation times of 2 to 10 

minutes with a short time, depending on the cell population, of 
' 

30 to 60 minutes to complete cell lysis. Thus, the present 

invention provides a first-ever complete microphotolysis response 
! 

curve to measure the rate of cell lysis within a total 

measurement time of less than one hour on a single cell micro-

·sample of 25 microliters (µl). 

In the present invention, precise quantities (doses) of 

various drugs can be added to the cell micro-sample to test for 

the effect (efficacy) of these drugs to improve cell fragility. 

Thus, the present invention can provide a first-ever complete 
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~ose-response analysis for six drug.doses on"a total blood 

lpecimen of 150 µl. 
I 

unlike the other methods, the present invention (new 

process) requires no further cell manipulation after the micro­

sample is placed in the sample-carrier. The new process is easy 

.to perform with easy-to-conduct tests of reproducibility by 

repeated photoactivation in a second micro-sample area. The new 

process gives a microphotolysis that depends only on the light­

lactivation energy and on the concentration and formulation of the 
I 
cell-attack chemical. The new process is not complicated (as are 

other methods) by variations in sample temperature (from the 

light source) which could increase Brownian cell motion to 

confound the lysis measurements, or by non-specific effects of 

other blood constituents such as plasma in the cell micro-sample. 

Thus, the new process creates a very specific light-related 

activity only in the area of focused light-activation. 

The new process can measure alterations in cell membrane 

fragility due to changes in membrane characteristics that are 

created by a cell-attack agent that remains and becomes activated 

only outside the cell (an extracellular agent). The new process 

can measure alterations in cell membrane fragility due to changes 

in internal cell structures that are created by a cell-attack 

agent that crosses the cell membrane to attach to internal cell 

structures where the agent becomes photoactivated. Thus, the new 
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·Frocess can provide first-ever datectio::i cf -:!isease~ th=it alt.P.r 

rnly the cell membrane, systemic diseases which alter only the 

tnternal cell composition, and cell alterations due to drug 

treatments. 

The energy level for activation of an intracellular agent 

ill in part depend on the anti-oxidant status of the cell. Many 

cells such as red blood cells usually carry oxygen and these 

cells maintain a well developed anti-oxidant system to protect 

the cell against auto-oxidation. Othe~ current techniques ta 

assess cell fragility or deformability cannot also assess anti-,. 
-oxidant activity because these other methods do not induce 

oxidation reactions within the cell. The present invention can 

measure the difference in cell fragility due to photoactivation 

of specific external and internal chemical agents as a new method 
' 

to determine the status of the anti-oxidant system in the cell. 

The present invention is a new "microphotolysis and 

microphotoanalysis process" which uses a new combination of 

generally available equipment in a new sequence of new 

procedures, solutions, and new preparations. 

Accordingly, it is an object of the present invention to 

provide a new configuration of microscope, light source, light 

control, television imaging, and video recording equipment to 

provide cell images at standardized illuminations. 
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It is a further object of the present inventiuu tu proviC:e c.. 

i1~w microscope calibration procedure to provide microexposures of 

~ells to quantitated, focused, frequency-specific light energies. 

It is a further object of the present invention to utilize a 

~enerally known selection procedure to obtain a cell specimen. 

It is a further object of the present invention to utilize 

·~reparation of a standard buffer 

istandardized environment for the 

solution to provide a 

cell s~ecimen. 

It is another object of the present invention to provide a 

new method of use for a new preparation of a fluorochrome 

solution used for other types of measurements in order to provide 

a ·-quantifiable new cell-attack stimulus for different micro-

samples of the cell specimen. 

It is yet another object of the present invention to provide 

a new method for preparation of the cell specimen to give a 

standardized mixture of cells and cell-attack stimuli in a 

standardized solution (buffer) environment. 

It is a further object of the present invention to provide a 

new micro-sample preparation for subsequent measurements for cell 

disruption. 
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It is a further object of the present invention to provide a 

~new microphotolysis procedure for precision light-stimulated 

lttack to disrupt the cells in the micro-sample in a new 

rstandardized manner. 
I 

i It is yet a further object l.)f the present invention to 
I 

fprovide a new procedure for microphotoanalysis of micro-sample 

i 1images to measure the time-sequenced disruption of cells during 
! 
'light-stimulated cell-attack in small regions of the micro-

sample. 

These and other improvements will be better understood on 

reading the description which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention will be had 

upon reference to the following description in conjunction with 

the accompanying drawings, wherein: 

Figure 1 is a plot showing curves for the percentage number 

of surviving intact human red blood cells (measured as a relative 

Response-Area Optical· Density) in two rectangular areas of a cell 

micro-sample as a function of ti.me from the beginning of a light­

acti vated cell-attack stimulus of 245 Joules/cm2 (open circles) 

Which creates microphotolysis in one rectangular area and 
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~01 Joules/cm2 (filled circles) which creates microp}lott1lysis in 

.~ second rectangular area. 

Figure 2 is a plot showing a repeat of the curve (open 

circles) of Figure 1 for the 245 Joules/cm2 stimulus and gives a 

·Response-Area Optical Density curve as a function of time from 

. the beginning of a light-activated cell-attack stimulus of 638 

Joules/cm2 (filled circles) to create microphotolysis in a third 

rectangular area of the cell specimen that gave Figure 1. 

Figure 3 is a plot showing a repeat of the curve (open 

'circles) of Figure 1 as the graphical basis for definition of: 

1) the Maximal Microphotolysis Response (MR} as the zero­

time Response-Area Optical Density (ZROD) minus the 

2) 

Minimum Plateau Response-Area Optical Density (PROD); 

the Percent Maximal Resoonse (MR%) as 100 times MR 

divided by ZROD; and 

3) the! Response at~ specific time~{! Response(tl) as 

100 times the quantity, ZROD minus the Response-Area 

Optical Density at time t (ROD(t)), that resultant 

quantity divided by MR. 

Figure 4 is a plot showing the three microphotolysis 

% Response curves which are generated by application of the 

definitions in Figure 3 to the three Response-Area Optical 

Density curves in Figure 1 and Figure 2. 
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Figure 5 is a plot showing a repeal:. of ;:h~ m.ic'.::>ph:>tolyd.s · 

Response curve (open circles) of Figure 4 as the graphical 

'jasis for definition of: 

l) the response half-time ( T 112 ) as the period from the 

beginning of cell-attack to the time of the SO-percent 

response value, and 

2) the largest slope of the % Response curve as the Slope 

at time t = T112 • 

Figure 6 is a plot showing the % Rfsponse curve (mean ± SEM) 

or microphotolysis on day 1 at 7 hours (circles), day 2 

(squares), day 3 (triangles), day 4 (diamonds), and day 5 

(inverted triangles) after collection of red blood cells from 

our rabbits. 

' 
Figure 7 is a plot showing the % Response curves (mean ± 

1SEM) for the effect of cell-attack stimuli of 105 Joules/cm2 

(open squares), 126 Joules/cm2 (filled squares), 159 Joules/cm2 

(open triangles), 168 J/cm2 (filled triangles), 210 J/cm2 (open 

diamonds), and 210 J/cm2 (filled diamonds) on rabbit (N = 3) red 

· blood cells. 

Figure 8 is a plot showing the % Response curves (mean ± 

·1 SEM) for microphotolysis 

· (squares) concentrations 

of 3% (circles), 4% (triangles), and 5% 

of rabbit (N = 4) red blood cells. 
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Figure 9 is a plot showing the % Response curves '(mean :r 

EM) for microphotolysis of rabbit (N = 3) red blood cells that 

·ad been separated from whole blood (circles) and for red blood 

ells in whole blood that contained plasma and other cells such 

s platelets or white blood cells (triangles). 

Figure 10 is a plot showing the % Response curves (mean ± 

EM) for microphotolysis of rabbit (N = 4) red blood cells on day 

(circles), on day 5 after the red blood cells had been washed 

nd reconstituted with buffer and FITC-~extran (diamonds), and on 

ay 5 after the red blood cells had been washed and reconstituted 

tith buffer but not FITC-dextran (squares). 

t Figure 11 is a plot showing the % Response curves (mean ± 

SE~) for microphotolysis of rabbit (N = 4) red blood cells that 

had been prepared in standard buffer with glucose and albumin 

(squares), buffer with glucose but not albumin (filled diamonds), 

.,buffer with albumin but not glucose (triangles), and buffer 

.. rithout albumin and glucose (circles). 

i 
Figure 12 is a plot showing the % Response curves (mean ± 

SEM) for microphotolysis of rabbit (N = 6) red blood cells which 

had been previously incubated for one hour with diamide at a 

. concentration of 5.0 milliMolar (diamonds), 0.5 mM (squares), 

0.05 mM (circles), or o.oo mM (filled triangles), with cell-

15 



ttack stimuli of 180 J/cm2 (right panel) and 90 J/cm2 (left 

'anel) • 

Figure 13 is a plot showing the % Response curves (mean ± 

EM) for microphotolysis of rabbit (N = 5) red blood cells which 

ad been previously incubated for 20 minutes with Chlorpromazine 

ta concentration of 100 microMolar (circles), 30 µM (diamonds), 

.Q µM (squares), and 0 µM (filled triangles), with cell-attack 

timuli of 180 J/cm2 (right panel) and 90 J/cm2 (left panel) • 
• 

Figure 14 is a plot showing the % Response curves (mean ± 

rEM} for microphotolysis of rabbit (N = 6} red blood cells which 

had been previously incubated for one hour with gluteraldehyde at 

~concentration of 0.02% (circles with dashed line), 0.01% 

rdiamonds), 0.005% (triangles}, 0.0025% (squares with dashed 

~ine), 0.00125% (circles), and 0.000% (filled triangles). 
I 
I Figure 15 is a bar graph showing the Percent Maximal 

response (MR%) and the T112 and Slope values of the % Response 

fUrves for microphotolysis of red blood cells from 5 normal 

!control Sprague-Dawley laboratory rats (CJ at 248 ± 3.6 J/cm2 , 3 

· streptozoticin-induced insulin-dependent diabetic Sprague-Dawley 

1 rats (D) at 245 ± 4.1 J/cm2 , and 6 diet-induced 

; hYPercholesterolemic Sprague-Dawley rats (H) at 249 ± 2.7 J/cm2 • 
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Figure 16 is ~ ~'::" graph showing th~ Pe.c..::ent !-li.i.:.d.Ll..i.l 

esponse (MR%) and t:~ T
112 

and Slope values of the % Response 

'. urves for microph~~~ysis of 0.5% to 3.0% concentrations of 

3) red ~~~""'3. cells. One subject received a cell­

ttack stimulus of ~~~ ± o.3 J/cm2, the second subject received 

40 ± 1.1 J/cm
2
, and the third subject received 198 ± 1.3 J/cm2 

or all five cell c~~~entrations. 

Figure 17 is ~ h.3.r graph showing the Percent Maximal 

· esponse (MR%) and the T and Slope va+_ues of the % Response 
1/2 

burves for microphotolysis of human (N = 5) red blood cells which 

had been previously incubated at 4° C FOR ONE BOUR with 

pentoxifylline (PTFX) concentrations of 10 milliMolar (filled 

mM (strip~d bars), and O mM (clear bars). One subject 

received a cell-attack stimulus of 658 ± 6.6 J/cm2, three 

lsu~jects received 329 ± 1.9 J/cm2, and one subject received 196 ± 

"O. 7 J /cm
2 for all throe pentoxifylline concentrations. 

Figure 18 is a bar graph showing the Percent Maximal 

Response (MR%) and tho T and Slope values of the % Response 
1/2 

curves for microphotolysis of human (N = 5) red blood cells which 

had been previously incubated at 4° c FOR TWENTY-FOUR HOURS with 

pentoxifylline ( P•r1~x) concentrations of 10 milliMolar (filled 

bars), 1 mM (stripud bars), and o mM (clear bars). One subject 

received a cell-attack stimulus of 641 ± 3.3 J/cm2, three 
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l
ubjects received 330 ± 1.7 J/cm2 , and one subject received 205 ± 

.• 7 J/cm2 for all three pentoxifylline concentrations. 

Figure 19 is a bar graph showing the Percent Maximal 

esponse (MR%) and the T112 and Slope values of the % Response 

, urves at cell-attack stimuli of A = 243 ± 2.9 J/cm2 (clear 

ars), B = 400 ± 3.6 J/cm2 (striped bars), and C = 642 ± 4.0 

r/cm2 (filled bars) for microphotolysis of red blood cells from 

~our fem.ale and three male African-Americans who had no clinical 

lndicators of sickle-cell disease. 

Figure 20 is a bar graph showing the Percent Maximal 

liesponse (MR%) and the T
112 

and Slope values of the % Response 

Lurves at cell-attack stimuli of A= 247 ± 1.1 J/cm2 (clear 

~ . 2 
rars), B = 395 ± 5.5 J/cm (striped bars}, and C = 643 ± 4.0 

l
~/cm2 (filled bars) for microphotolysis of red blood cells from 2 

female and 3 male African-Americans with clinical diagnosis of 

sickle-cell disease but not hemoglobin-F abnormality. 

Figure 21 is a bar graph showing the Percent Maximal 

Response (MR%} and the T112 
and Slope values of the % Response 

curves at cell-attack stimuli of A = 253 ± 2.8 J/cm2 (clear 

bars), B = 399 ± 4.6 J/cm2 (striped bars), and C = 661 ± 2.1 

J/cm2 (filled bars) for microphotolysis of red blood cells from l 

female and l male African-American with clinical diagnosis of 

r, • 
1sickle-cell disease and hemoglobin-F abnormality. 
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Figure 22 is a photomicrograph sho"'1ing tl.e 'rectan;ii:l'ar area... 'f~jJ/ ]. 
j~cell-attack for a cell micro-sample before activation as seen 

:;~::/the top left panel, 20 minutes after the start of activation 
t< 
·., 

the top right panel, 40 minutes after the start of 

as seen in the bottom left panel, and 60 minutes after 

he start of activation as seen in the bottom right panel. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Eguioment Configuration 

The present invention can use any light microscope (Zeiss 

model 20-T preferred) with a 75-300 W arc lamp (100 W mercury 

preferred) for epi-illumination of the cell micro-sample through 

the microscope objective lens and a 50-300 W arc or halogen lamp 
'\ 

1(100 W halogen preferred) for transillumination of the cell 
l 

:micro-sample through the microscope condenser. A television 

camera with external control of target voltage (a charged-

coupled-device (CCD) camera preferred) is required with a 

microscope eye-piece attachment for adequate microscope-image 

,,capture, videor~cording, video monitor display, and analysis of 

microphotolysis. Any standard videocassette recorder (Panasonic 

model 6200 preferred), time-date video-insertion generator 

(Panasonic model 810 preferred), and moderate resolution 

television monitor (at least 600 horizontal lines preferred) can 

be used. 
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The present invention can use any light-ndcioscopj 'objectiv~ 

: 5 (UMK SOX Zeiss with 0.60 numerical aperture preferred) that 

1 a variable built-in lens diaphragm, any microscope tube 

: tor (l.25X preferred), any X-Y coordinate movable microscope 

ge (Zeiss 20-T standard preferred), and any brightfield 

stage condenser (Zeiss 20-T standard preferred). The present 

ention requires a microscope filter cube (Zeiss model I-2 

lfe'"'.'ed) 
0

with a band-pass filter (450-490 nm preferred), a 

lhroic mirror (510 nm preferred), and a long-pass barrier 

f
f ter (515 nm preferred) to match the ~xcitation and emission 

quencies of the chosen light-activated cell-attack 

~ orochrome (FITC preferred for external cell-attack as 

~cribed below) • 

The epi-illumination light pathway through the microscope 

fst have provisions for a variable circular diaphragm, a fixed 

ktangular diaphragm (4.0 x 3.5 millimeter aperture preferred), 
il 
~ 
fd a neutral density filter carrier between the epi-illumination 

~ght source and the microscope filter cube to permit graded and 

lown decreases in the amount of fluorochrome excitation light 

I 
lergy at the cell micro-sample on the microscope stage. 
l 
i I The transillumination light pathway through the cell micro-

rmple must have provisions for a circular field diaphragm (22 mm 

t
ameter aperture preferred), a circular field light-limiter (7.5 

diameter aperture preferred), and a color filter (green 
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f erred for red blood cells) betw-=en the t=.'.lnc.:..11 um.ir.C":t:i C'n 

ht source and the substage microscope condenser to permit 

:ntrol of background light energy at the cell micro-sample on 

·e microscope stage. 

Microscooe Calibration Procedure 

The present invention includes a new microscope light-

libration procedure to provide cell exposures to specific 

cunts of frequency-specific light enefgies which are 

antitated as "light power density" multiplied by the "time of 

"ght exposure." In the following procedure, the critical steps 

e the independent adjustments of the epi-illumination and 

ransillumination light pathways to give a specific light power 

rem each pathway to a specific area at the cell micro-sample 
' 

hen the cell micro-sample is "in focus" on the microscope stage. 

_ight power at any specific point in a light path can he measured 

y any of several instruments (such as an EGG model 580 

adiometer). The preferred instrument is a model 61 United 

echnology (UT) Optometer which measures light power in the 

klectrical power equivalents of milliwatts. 

To begin calibration of the transillumination pathway, a 

lass microscope slide is covered with a glass coverslip and is 

ositioned on the stage of the microscope. The epi-illumination 

athway is blocked by closure of the variable circular diaphragm. 
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ter adjustment of the objective lens t:o bI:iug the gla&s '&lide 

to focus on the microscope-attached television camera tube, the 

: ·eld diaphragm of the transillumination pathway is adjusted to a 

'early closed position (a pin-hole opening) and the substage 

ondenser is raised to bring the pin-hole opening of this field 

iaphragm into focus. The x-y adjustments of the substage 

ondenser are then used to center the pin-hole opening of this 

~ield diaphragm in the microscope field-of-view. 

The lamp power supply for the tra~illumination pathway is 

~djusted to approximately 9.2 volts. The light power is measured 

t
1

t the exit of the field diaphragm light-limiter, and the field 

iaphragrn is opened until the light power at the exit of the 

' aight-limiter plateaus to give a value of 1.08 to 1.88 (1.48 

tr~ferred) milliwatts. If the plateau light power is too high or 
~ 
~ow at the light-limiter, the voltage of the lamp power supply 

rhould be adjusted. The light power is then measured at the 

rlass slide on the microscope stage, and the built-in diaphragm 

of the substage condenser is partially closed to give 0.044 to 
~ to. 052 ( O. 04 8 preferred) milliwatts of trans illuminated light 

~ewer at the glass slide. 

To begin calibration of the epi-illumination pathway, a drop 

f:of fluorescein diacetate (1.0 mg/ml concentration) is placed on a 
Ii 
tglass microscope slide and is covered with a glass coverslip. 
f 
qThe slide is placed in a sample carrier which is positioned on 
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ievision field-of-view), and is adjusted to a·~alue oi 6;39 to 

.41 (0.40 preferred) milliwatts by partial closure of the 

'aphragm in the objective lens. (If the light power is too low 

this point, the epi-illumination light bulb has aged and 

~ould be replaced.) 

Neutral Density (ND) filters are then placed one at a time 

t 
the epi-illumination pathway to provide calibration of 

raduated decreases in epi-light power at the focal plane of the 

jective lens. Nominal epi-light powe-r values are 0.30 - 0.32 

~lliwatts for an ND of 0.1, 0.18 - 0.20 milliwatts for an ND of 

f.3, and 0.10 - 0.12 milliwatts for an ND of 0.6. 
f 

The amount of epi-illumination, which is used to provide a 

tight-stimulated attack to disrupt cells in a micro-sample 

,described below) on the microscope stage, is guantitated as a ,, 

fight energy density (ED} which equals epi-light power at the 
11 

~ere-sample, multiplied by time of epi-light exposure, divided 

iy the micro-sample area of epi-light exposure. For the above-• 
~escribed equipment configuration and calibration procedure, the 
~ 

~rea of epi-light exposure is determined by the fixed rectangular 
~ 
a1aphragm which has a projected image area of 0.000175 cm2 

1140.91 µm x 124.24 µm) at the focal point of the microscope 

pbjective lens. 
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A common unit for light energy den.;ity it; ~cules/=::r.2 'u:iere 

e Joule equals the total energy that is released in one second 

a one-ampere current flowing through a one-ohm resistor (which 

electrically equivalent to one watt or 1000 milliwatts of 

wer for one second). For the above-described calibration 

, ocedure, the epi-light power is measured as milliwatts (mw) by 

·le UT Optometer, and epi-exposure ti.me is measured in 0.01 

nute increments by the time-date video-insertion generator. 

e following formula is used to convert these measured units 

nto epi-light energy density (ED) with units of J/cm2 (i.e. 
~ ~ 
oules + cm2 }: 

l 
~ 
ight Energy Density = Light Power x ti.me ~ area; or 

I oules/cm2 = Watts x Seconds + cm2 ; or 

~' (J/cm2 ) = (mw + 1000) x (minutes x 60) + (0.000175 cm2 ); or 
~ r (J/cm2 ) = (342.86) x (mw) x (minutes) + 1 cm2 • 

I 
' The above-described calibration procedure gives the 

rllowing epi-light energy densities (ED at the focal point of 

re microscope objective lens) which result from use of the 

referred epi-illumination neutral density (ND} filters: 
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Jill_ POWER {mw} ED (Joules /crn2 l 

o.o 0.40 137.14 x exposure mins 

0.1 0.32 109.71 x exposure mins 

0.3 0.20 68.57 x exposure mins 

0.6 0.10 34.29 x exposure mins 

pical exposure times are 2 to 10 minutes to give final 

radations in the epi-light energy density over a range of 68.58 

o 1,371.40 J/cm2 for light-stimulated attack to disrupt cells in 

t micro-sample on the microscope stage., 
~ . 

The last step in microscope calibration is adjustment of the 

famera target-voltage when the cell micro-sample is first placed 

[n the microscope stage. This adjustment qualitatively positions 

l~r::::::e:;r:::-~~::::t(::·:::n:i::::e:o:::::n::n:: to give a 
teasonable television picture for the transilluminated-light 
l . 
fiiage of the cell micro-sample. Quantitative measurement of this 

Ltarting camera voltage is not required because subsequent 

~hanges in light-intensity at the camera target are measured as a 

~ 
percentage change in camera target current, which is independent 

~~ the starting target voltage when that target voltage is in the 
~inear voltage range of the camera. 
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Cell Collection Procedure 

Arterial, venous, or mixed capillary (finger stick) blood 

an be used for microphotolysis of red blood cells. The data in 

his patent report were obtained from standard venipuncture of 

, he antecubital vein in awake humans and the ear vein of awake 

i
ew Zealand white rabbits (2.5-4 kg) to collect blood (typically 

-2 ml) into sterile tubes which contained citrate to prevent 

lotting. 

Blood is stored in a 0-4° C refrigerator before preparation 

,of blood specimens and cell micro-samples. All cell and solution 

procedures use only sterile disposable pipette tips, 

'microcentrifuge tubes, bottles, stoppers, and labware to prevent 

rcell contamination and infection. 
~ ' 

i 
t 

Buffer Solution Preoaration 

Subsequent blood dilutions (described below) are done with a 

'typical buffer.solution consisting of 7.6 g/l NaCl, 0.26 g/l 

NaBP04 • B20, 1.28 g/1 Na2EP04 , 4 g/l glucose, and 5 g/l bovine 

serum albumin. Buffer solution pH is adjusted to 7.4 (normal 

blood pH) by addition of lN NaOH. The final osmolality of this 

buffer solution is 311 mOsm (near normal blood pH). Other buffer 

'
~olutions can be used; however, glucose and albumin are necessary 

ingredients to stabilize the cell preparation and to provide 
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estricted-permeability molecules for control of transcellular 

ater movements which can affect the subsequent microphotolysis 

rocess. Likewise, a final osmolality of 295-315 mOsm is 

ritical since overall buffer solution osmolality also affects 

he rapid phase of transcellular water movements. 

The final step in buffer solution preparation is vacuum 

hspiration of the buffer solution through a sterile 0.2 micron 

Lalgene filter to remove any bacteria or other particulate 

lontaminants. The filtered buffer solu~ion is allocated into 

~terile glass bottles (20 ml preferred) with rubber stoppers for 

~ubsequent cell-specimen preparation. 

Fluorochrome Solution Preoaration 

' 

The type of light-activated agent that is used for cell 

rttack is specific to 

~s more than one type 

the type of cell to be analyzed, and there 

of cell-attack agent for any one cell type. 

or example, phloxine B, eosin-isothiocyanate, pheophorbide, and 

rotoporphyrin have previously been used for photohemolysis in a 

elatively large-volume cuvette. The preferred cell-attack 

fluorochrome for damage of red blood cell membranes by 

'crophotolysis is fluorescein isothiocyanate (FITC) which is 

larger macromolecule (20,000 dalton dextran 

referred). FITC-dextran is preferred because it does not enter 

the cell, and there is little blood absorption of light energy at 
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he FITC-excitation frequency of 480 nanometers:' Thus," ''tne· 

easured light energy which is projected onto the micro-sample 

ives a precise amount of activated FITC as a cell-attack agent. 

The FITC-dextran is mixed with a 0.9% NaCl solution to give 

n FITC-dextran concentration of 50 mg/ml. In the subsequent 

ell micro-sample, the final FITC-dextran concentration in the 

'ere-sample should be in the 2-8 mg/ml range to give the best 

ight-activated cell-attack stimulus for microphotolysis of red 

lood cells. 

Cell Specimen Preparation 

Microphotolysis can be applied to different types of cells, 

f 
nd the cell-separation 

i~l depend on the cell 

rocedure for red blood 

part of the cell preparation procedure 

type. The following describes the 

cells. 

The refrigerated blood is inverted gently to mix the blood, 

•nd is then diluted (1 to 1) with equal parts of the buffer 

solution. A small amount (80 to 100 µl) of the diluted blood is 

.drawn into a microhematocrit tube which is spun in an IEC MB 

hematocrit centrifuge at the recommended speed to compact the red 

lood cells toward one end of the microhematocrit tube. The 

ilength of the compacted red blood cells is then measured to give 

fthe hematocrit (% cells) of the diluted blood. 
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~· ,. 
The final cell-specimen is a combinat:lon of,. the dilut:ed 

lood, FITC-dextran, a test drug (if any), and the buffer 

olution to give a cell-specimen volume of 1 ml with a 

omposition of 0.5 to 6.0% red blood cells, 2.0 to a.o mg/ml 

ITC-dextran, 0 to ·10 mg/ml of test drug, and the remainder as 

uffer. As an illustration, a cell specimen with 4 mg/ml of 

'FITC-dextran (which comes as a 50 mg/ml fluorochrome solution as 

Lescribed above), 3% red blood cells (which comes from a diluted 

[1ood solution with 25% hematocrit), and 3 mg/ml of test drug 

!(which comes as a 20 mg/ml solution) i&. obtained by mixing O. 08 

bl (calculated as 4/50} of the fluorochrome solution, 0.12 ml 

(calculated as 3/25) of the diluted blood, 0.15 ml (calculated as 

3/20) of the test drug solution, and 0.65 ml (calculated as 1.0 -

0.08 - 0.12 -0.15) of the buffer solution. Based on this 

approach, individual, or combinations of, soluble materials or 

lrugs can be tested for an effect on cell response to 

rucrophotolysis by standardized light-activated cell-attack 

!stimuli. 

Cell Micro-Samole Preparation 

Any type of small volume (50 µl or less) chamber of 
r. 
/transparent water-impervious material, such as plastic or glass, 
! 
;can be used to give a cell micro-sample on the microscope stage. 
I 

!The crucial aspect is a chamber and filling procedure that 

Prevents micro-sample loss of water (which would change the cell 
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·ere-sample constituent concentrations to ·alter·the 

·crophotolysis). The following describes a simple new micro­

aJJIPle preparation. 

A hemacytometer (Neubauer preferred) and cover slip are 

terilized in alcohol and air-dried. As a novel approach of the 

, resent invention, four Kerr absorbent points (dental cotton 

ticks for cavity preparations) are placed in a 0.9% NaCl 

elution to saturate them. A fine forceps is then used to place 

wo saturated Kerr points in each side-well of the hemacytometer, 
r 

ith care to ensure that no Kerr point touches the inside edge of 

he hemacytometer trough (otherwise, the solution in the Kerr 

oints would dilute the micro-sample constituent concentrations). 

~he saturated Kerr points are a novel approach to provide a 

"saturated" water vapor pressure to nreplace" any potential loss ,, 
of micro-sample water by evaporation through the entrance of the 

hemacytometer chamber to the atmosphere. 

A small drop-dispenser is used to pick up a solution of 2.5 

g/l globulin (made in distilled water), and this solution is 

.applied to coat the coverslip rests of the hemacytometer. The 

coverslip is placed on the hemacytometer rests and is lightly 

_tapped to seal the coverslip to the globulin-coated hemacytometer 

rests. This is a novel approach of the present invention to 

~educe evaporation of water from the cell micro-sample. In the 

customary approach, the coverslip just lays on the hemacytometer 
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f·'.~~st~ without use of a sealant. S.mc.11 irres-ula~~ties in :the 

"tests" leave small openings between the coverslip and the 

- n;r:ests." The use of a globulin solution in the present invention 

to seal these small openings is a novel approach to prevent 

e~aporative water loss from the cell micro-sample. 

The cell micro-sample solution is gently mixed by inversion 

of the solution vial. A sterile transfer pipette is used to 

aspirate the cell micro-sample solution from the vial and to 

apply 22-25 µl of the solution to the opening of the 
~ 

ihemacytometer/coverslip chamber. Capillary action draws the cell 

micro-sample solution into the hemacytometer chamber (which has a 

preferred depth of 0.1 mm to standardize the number of cell 

layers). 

The hemacytometer is then placed in a sample carrier which 

is positioned on the microscope stage. At this point, the 

transillumination light pathway is opened (by removing the opaque 

filter from the field limiter) and the cell micro-sample is 

brought into focus. The television camera target-voltage is 

adjusted to the midrange (described above in the microscope 

calibration procedure). 
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Microphotolysis Cell-Attack Procedure 

The television-microscope images in the following procedure 

~re video recorded for post-procedure analysis. (These images 

fan also be analyzed on-line at the time of the procedure.) 

A five-minute waiting period is used for cells to settle in 

the micro-sample hemacytometer chamber. Room temperature is 

~ecorded .and hemacytometer temperature is kept at 23.5 to 24.5° c 
! 

~o minimize Brownian motion of the red blood cells in the cell 

/

uiicro-sample. The cells are brought to focus during 

transillumination to give a control reading of "background 

optical density" for the cell micro-sample. Then, the 

transillumination pathway is closed by placing the opaque filter 

on.the field limiter. 

The ti.me-date video-insertion generator is reset to 0.00 

time (in minutes) and is started at the instant that the epi­

illumination light pathway is opened (by removing an opaque 

filter from the epi-light pathway). The focus of the fluorescent 

ilnage is checked and readjusted if necessary. The epi-

_illumination is left on for the necessary ti.me (1 to 6 minutes 

Preferred) with a preselected neutral density filter in the epi­

light pathway to give a desired cell-attack stimulus which is 

measured as an epi-illumination energy density in Joules/cm2 (as 

described above in the microscope calibration procedure). At the 

33 



-- -------------------------~ ______ ,_:, ..... .,_ ___ ~----··------~-·~·~----·---------·---· .... 

r " 

nd of the cell-attack stimulus time, the e~i-illti.mina+;.1oh 

athway is closed (by placing the opaque filter in the epi-light 

athway), and the transillum.ination pathway is opened (by 

emoving the opaque filter on the field limiter) to give cell 

'ere-sample images. These cell images are recorded until lysis 

•- disruption of cells) has reached a maximum (less than 5 intact 

ells remaining in the rectangular epi-illumination area) or 60 

. 'nutes has elapsed, whichever occurs first. 

At this point, the hemacytometer cell micro-sample is 
. ! 

epositioned manually on the microscope stage to give another 

'ere-sample area for application of a second cell-attack 

This procedure allows many measurements of 

'crophot.olysis at different cell-attack levels (epi-illumination 

energy densities) on each cell micro-sample. Bemacytometer grid 
' 

etchings are used to identify the location of each cell-attack 

area which prevents inadvertent overlap of cell-attack areas in 

multiple microphotolysis procedures on the same cell micro­

sa.mple. 

Microohotoanalysis Procedure 

After the cell micro-sample (in the hemacytometer) has been 

Placed on the microscope stage, there is a five-minute period for 

cells to settle in the micro-sample chamber. At this point, 

transillumination gives a relatively dark speckled-image of the 
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.. . . 
icro-sample in the television field of view. The speckled 

ature of this image is caused by the presence of red blood cells 

ith a biconcave shape, as shown in Figure 22. 

This transillumination speckled-image area (which is 6 to 10 

. times larger than the epi-illumination rectangular diaphragm 

area) is digitized (Image Technology digitizing board preferred) 

. Ito give a digital image with 512 x 512 pixels (1024 x 1024 would 
l 
!increase analysis precision) with a digital value between a and 

r2ss to represent the light intensity of each image pixel. The 

·mean of ALL pixel values in this speckled image is calculated as 

a micro-sample "background light intensity (BLI)" with a value 

between o and 255 (a typical value is 100 to 150). 

-, As described above (section on Microphotolysis Cell-Attack 

Procedure), the epi-illumination light pathway is opened (by 

removal of the opaque filter) for a pre-selected time to activate 

a cell-attack stimulus within the epi-illumination rectangular 

area on the cell micro-sample image. Then, the epi-illumination 

light pathway .is closed. Transilluminated micro-sample images 

are then digitized at 30-second intervals over the next 60 

minutes (or until there are 5 or fewer intact cells within the 

rectangular cell-attack area in the image). 

After exposure to the epi-illumination rectangular area of 

cell-attack stimulus, the part of the cell micro-sample that was 
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xposed becomes brighter and loses its speckled appearance as a 

unction of time in the transilluminated image. This occurs 

ecause cells in the cell-attack area lose part or all of their 

ontents and their membranes lose functional integrity as a 

'crophotolysis response to the cell-attack stimulus. 

The values of the image pixels in the rectangular 

·tapproximately 60 x 50 pixels) cell-attack area are averaged, and 

his pixel average is compared in successive digitized images for 

~O minutes or until this pixel average ~ises to a plateau value 
I 
~hich does not change by more than± 1% for 3 minutes (6 images). 

he transillumination image at 60 minutes or the first 

ransillumination micro-sample image with a plateau for the 

average value of the image pixels in the rectangular cell-attack 

area is defined as the maximal cell-response image. The 30 

.highest pixel values (10% of total pixels} in the rectangular 

cell-attack area of the maximal cell-response image are averaged 

to define a digital value which represents an image area with no 

!intact cells (called the "total-lysis" light intensi~y or TLI) • 

The average value for all pixels in the rectangular cell­

/attack area is defined as a "Response-Area Light Intensity (t)" 

for each digitized transilluminated micro-sample image. These 

Response-Area Light Intensities (RLI(t)) are converted to 

relative Response-Area Optical Densities (Response OD(t)) by the 

following formula: 
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Response OD(t) = lOO(TLI - RLI(t) )/(TLI ~EL!), whe.r'e. 

is the total-lysis light intensity in the cell-attack area of 

transilluminated micro-sample image, BLI is the background 

ight intensity for the entire transillum.inated micro-sample 

· age, and RLI(t) is the response light intensity as a function 

of time in the cell-attack area of the transilluminated micro-

sample image. The quantity (TL! - BLI) represents the range of 

the average light intensity for the entire transilluminated 
1 • 
:micro-sample image. The zero-time aver~ge light intensity of the 
I 
'rectangular area before cell-attack (RLI(O}) can be larger or 

:smaller than the average background light intensity (BLI) for the 

entire transilluminated micro-sample area. Thus, the zero-time 

Response-Area OD(O) can be larger or smaller than 100% of the 

optical density range for the entire transilluminated micro-

' 'sample area. The average Response-Area Light Intensity in the 

maximal cell-response image (RLI plateau) can be smaller than the 

total-lysis light intensity (TLI) because some intact cells can 

remain in the rectangular area of the maximal response image. 

Thus, the minimum plateau Response-Area OD can be larger than 

zero. 

Figures 1 and 2 show the Response-Area optical densities as 

a function of time from the beginning of a five-minute exposure 

of human red blood cells to three levels of cell-attack stimuli 

(expressed as Joules per centimeter squared). A cell-attack 
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; ti.nlulus of 245_ J/cm2 gives a Responl:le-Area · O:> which dcc::ee.ces 

;.roin a zero-time value of 105% to a minimum plateau value of 18% 

:t 46 minutes after the beginning of the cell-attack exposure 

• F.iqure 1). A larger cell-attack stimulus of 401 J/cm2 gives a 

'esponse-Area OD which decreases from 102% to 6% at 31 minutes 

-fter the beginning of cell-attack (Figure 1), while an even 

'arger cell-attack stimulus of 638 J/cm2 gives a Response-Area OD 

bich decreases from a zero-time value of 91% to a minimum 

lateau value of 3% at 37 minutes after the beginning of cell­

ttack (Figure 2). These data show that changes in cell-attack 
' 

timulus alter the time-dependent Response-Area OD curve by 

ffecting the magnitude of the maximal OD change, the slope of 

rhe Response-Area OD curve, and the time to the half-maximal 

~hange in Response-Area OD. 

The variation in zero-time Response-Area OD occurs before 

application of the cell-attack stimulus and adds statistical 

variation to the time-dependent Response-Area OD curve that is 

produced by the cell-attack stimulus. To remove the effect of 

this attack-unrelated variation in zero-time Response-Area OD, 

Jthe following three-step normalization procedure is performed as 

!illustrated in Figure 3, wherein: 

1) The Maximal Microphotolysis Response (MR) is calculated 

as the zero-time Response-Area OD (ZROD) minus the 

Minimum Plateau Response-Area OD (PROD); 

i.e. MR = ZROD - PROD. 
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2) The Percent Maximal Response (MR%) is calculated as 100 

times the Maximal Microphotolysis Response (MR) divided 

by the zero-time Response-Area OD (ZROD); 

i.e. MR%= (lOO)(MR)/(ZROD). 

3) The% Response at a specific time t (%Response (t)) is 

defined as 100 times the quantity, zero-time Response­

Area OD (ZROD) minus the Response-Area OD at time t 

(ROD(t)), that resultant quantity divided by the 

Maximal Microphotolysis Response (MR); 

i.e. % Response (t) = (lOO)(~ROD - ROD(t))/MR. 

he Percent Maximal Response (MR%) is a measure of the percentage 

cells which are eventually disrupted in the rectangular 

was exposed to the cell-attack stimulus. The 

% ·,Response (t) is a measure of the number of cells which have 

een disrupted as of time t in the rectangular area that was 

the cell-attack stimulus, and is expressed as a 

of the eventually disrupted number of cells. 

As shown in Figure 4, the three % Response curves are 

,generated by application of the above formulas to the three 

Response-Area Optical Density curves in Figures 1 and 2. 

The above-described normalization procedure produces time­

dependent % Response curves which change from 0% to 100% after 

the beginning of the cell-attack stimulus, irrespective of the 

Variation in the zero-time Response-Area OD (ZROD in Figure 3). 

39 



- - ---------------------------------·"·~·~· ---·- ··-·····--·-···--------------

' 

,. r· 

.fJ1ese normalized data show that changes in ce11..:attack ·at:L.nr.Ilus 

~lter the time-dependent % Response curves by changing the 

inaiimum slope and the time to the half-maximal (50%) value of the 

cui-"1e· 

Moreover, Figure 5 repeats the % Response curve (open 

. circles) of Figure 4 for the 245 Joules/cm2 cell-attack stimulus 

to quantitate precise changes in cell response to specific 

levels of cell-attack stimuli by defining: 

1) the response half-time (T112 ) ~s the period from the 

beginning of cell-attack to the time of the 50-percent 

response value, and 

2) the largest slope of the % Response curve as the Slope 

at time t = T112 • 

T
112 

is a measure of average cell resistance to disruption by the 

cell-attack stimulus. The largest slope is a measure of the 

fastest rate of cell disruption at any time after the beginning 

of the cell-attack stimulus. This slope provides an index of the 

"population variation" in individual cell resistance to 

disruption by the cell-attack stimulus. For example, a 

population of homogeneous cells, each with exactly the same cell-

resistance to disruption, would give a "step" % Response curve 

with a zero-value until time equal to T112 , and a 100% value after 

time equal to T
112

• In contrast, a very heterogeneous population 

of cells, some with very low resistance and some with very high 

resistance and some throughout the range from very low to very 
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. h resistance to dirnu•"' 1· ,.,.. 1 . · o. Response ::~r-,.3 with J.g ,,_ .,i1, wou a give a o 

! shallow slope beginnj '•"/ ,;,i:.xtly after the beginning of the 
i 

ell-attack stimulus 11111 l~ .. ahing a lOO% value at a time much 

fter the T112 value. 

The Slope of the \ Jl•'vi:rtise curve at time equal to T
112 

can 

e obtained in several w~ 1~. For example, the value of the first 

erivative of a polynomj_qJ. i.:urve-fit to the % Response curve at 

ime equal T112 would gJ.v,. t.f,IJ slope value of the % Response curve 

t time equal to T1/z• '/'J1,f lr.Jllowing giyes a simple method for 

·alculation of the Slopq r,f. the % Response curve at time equal to 

1) 

2) 

T7 0 is defintt11 1111 th · d (in minutes) from the · e perio 

beginning of <1111. J.-attack to the time when the 

% Response e'J11 11 1. q 7 O%. 

T30 is define11 '11t the period (in minutes) from the 

beginning of tJq 1.1.-llttack to the time when the 

% Response eq11 11 I 11 JO%. 

3) Slope at T112 111 rlr:ifined as 70 % minus 30%, that quantity 

divided by thq 'Nnntity, T70 minus T30, with units of 

% Change in llq11p1111r10 per Minute (abbreviated as %/MIN); 

i.e. Slope ttl. 'l'i;.• (%/MIN)= (70 _ 30)/(T70 - T30). 

1This simple method is l'q11111111a.bly accurate because all % Response 
1

curves range from 0% tq looi in ordinate value, and all 

'% Response curves are "Plltnximately linear in the 30% to 70% 

.response range such aa u 11 r:! .1.n Figure 5 for example. 
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Microphotolysis of Anh1al .'.::e:lls · 

Figure 6 shows the % Response curves (mean ± SEM) on day 1 

·at 7 hours (circles), day 2 (squares), day 3 (triangles), day 4 

(diamonds), and day 5 (inverted triangles) after blood collection 

for red blood cells from four rabbits with micro-sample 

composition of 4% red blood cell concentration and 2 mg/ml FITC­

dextran (150,000 daltons). The cell-attack stimulus was 210 

J/cm2 for all curves. The % Response curves are identical to 

each other when microphotolysis is con~cted on cell micro-

~samples from 7 hours to 5 days after blood collection from 

rabbits. The % Response curve changes by a progressive shift to 

the left when microphotolysis is conducted on cell micro-samples 

during the first 6 hours after blood collection from rabbits. 

Figure 7 shows % Response curves (mean ± SEM) for the effect 

of cell-attack stimuli of 105 Joules/cm2 (open squares), 126 

Joules/cm2 (filled squares), 159 Joules/cm2 (open triangles), 168 

J/cm2 (filled triangles), 210 J/cm2 (open diamonds), and 210 J/cm2 

(filled diamonds) on rabbit (N = 3) red blood cells with micro­

sample composition of 4% hematocrit and 2 mg/ml FITC-dextran 

(150,000 daltons). The cell-attack stimuli for the open symbols 

were achieved by lower epi-illumination light power densities for 

10 minutes of epi-light exposure, while the cell-attack stimuli 

for the filled symbols were achieved by higher epi-illumination 

light power densities for 8 minutes of epi-light exposure. The % 
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~esponse curve for a lower epi-illu.n:ina~ion light'powe~ .a~~ 

1onger epi-illumination exposure time (open symbols) is the same 

as that for a higher light power at a shorter exposure time 

(filled symbols) when these give the same energy densities as 

equivalent cell-attack stimuli. This observation remains true 

for any energy density, provided that the exposure time is at 

least 4 minutes in duration. Figure 7 also demonstrates that the 

slope and T112 values of the % Response curves are different for 

different levels of cell-attack stimuli. The % Response curves 

for rabbit red blood cells are also different for different 
( 

'micro-sample concentrations of FITC-dextran when the FITC-dextran 

concentration is below a critical value of 2.0 mg/ml. 

Figure B shows the % Response curves (mean ± SEM) for 3% 

(circles), 4% (triangles), and 5% (squares} concentrations of 
' 

rabbit (N = 4) red blood cells in micro-samples that contained 

2 mg/ml FITC-dextran (150,000 daltons) and received a-cell-attack 

stimulus of 210 J/cm2 • These % Response curves for rabbit red 

blood cells are statistically the same for the different micro-

sample cell concentrations in the 3 to 5% range, to show that 

moderate variation in cell concentrations will not change the 

microphotolysis measurement of cell resistance to disruption by 

light-stimulated cell attack. 

Figure 9 shows the % Response curves (mean ± SEM) for rabbit 

(N ~ 3) red blood cells that had been separated from whole blood 
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(circles) and for red blood cells in whole b:i.ocd i:hat c.u~rt<...::..ned 

plasma and other cells such as platelets or white blood cells 

(triangles). Micro-sample composition was a 4% red blood cell 

concentration and 2 mg/ml FITC-dextran (150,000 daltons). These 

data demonstrate that the % Response curves for rabbit red blood 

cells are not affected by the presence of blood plasma or other 

.blood cells (such as white blood cells) in the micro-sample. 

·Thus, the microphotolysis procedure can be applied to whole blood 

samples, without the need for careful separation of red blood 

cells. 

Figure 10 shows the % Response curves (mean ± SEM) for 

microphotolysis of rabbit (N = 4) red blood cells on day 5 

(circles}, on day 5 after the red blood cells had been washed and 

then reconstituted with buffer and FITC-dextran (diamonds), and 

on day 5 after the red blood cells had been washed and then 

reconstituted with buffer but not FITC-dextran (squares). Micro­

sample composition was 2 mg/ml of FITC-dextran (150,000 daltons), 

a 4% red blood cell concentration, and buffer with a cell-attack 

,stimulus of 198 Joules/cm2 • Cells that were washed on day 5 and 

reconstituted without the FITC-dextran did not hemolyze when 

exposed to photoactivation. Washed cells reconstituted with the 

original FITC-dextran buffer solution had the same 

microphotolysis response as unwashed cells on day five, thus 

showing that the washed cells were still responsive but only in 

the presence of FITC-dextran. Thus, Figure 10 shows that the 
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presence of FITC is necessary for the microphotolysis ~recess and 

that other factors like heat from the light source do not induce 

hemolysis in this method. FITC-dextran (150,000) is a large 

molecular weight neutral dextran that does not even traverse 

endothelial gaps under non-inflamed conditions. Since washed 

cells were unresponsive, the data in Figure 10 demonstrate that 

the microphotolysis response is not the result of a non-specific 

light interaction with an intracellular or even intramembrane 

bound drug. The microphotolysis process with FITC-dextran as the 

cell-attack agent must occur by an interaction outside of the 

~cell membrane with subsequent effect on- the cell membrane. 

Figure 11 shows the % Response curves (mean ± SEM) for 

microphotolysis of rabbit (N = 4) red blood cells that had been 

pr~pared in standard buffer with glucose and albumin (squares), 

buffer with glucose but not albumin (filled diamonds), buffer 

with albumin but not glucose (triangles), and buffer without 

albumin and glucose (circles). All micro-samples contained 2 

mg/ml of FITC-dextran (150,000 daltons) and a 4% concentration of 

ired blood cells, and were exposed to cell-attack stimuli of 180 

J/cm2 {right panel} and 90 J/cm2 (left panel). The% Response 

curves for rabbit red blood cells are not altered by removal of 

albumin from the cell micro-sample. According to scientific 

literature, removal of albumin changes the shape of the red blood 

Cell. Thus, these data show that the microphotolysis process 
I 
1~easures cell characteristics other than those that depend solely 
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on cell shape. The % Response curves are ~!lif~2'd to the :.r.eft tC' 

reflect greater cell sensitivity to a standardized cell-attack 

stimulus when glucose is removed from the cell micro-sample. 

Cells are very susceptible (an increased Slope and decreased T
112

) 

even to a very low cell-attack stimulus when glucose is absent as 

illustrated in the left panel of Figure 10. According to 

·scientific literature, glucose is necessary for cells to maintain 

their ATP (adenosine triphosphate) levels, and ATP is required 

for cell metabolism to maintain the integrity of the cell 

membrane. Thus, these data show that tre microphotolysis process 

can detect a reduction in cell membrane integrity. 

Figure 12 shows the % Response curves (mean ± SEM) for 

microphotolysis of rabbit (N = 6) cell micro-samples that 

contained 2 mg/ml of FITC-dextran (150,000 daltons), standard ,, 
buffer, and a 4% concentration of red blood cells which had been 

previously incubated for one hour with diamide at a concentration 

of 5.0 milliMolar (diamonds}, 0.5 mM (squares), 0.05 mM 

(circles), or 0.00 mM (filled triangles), with cell-attack 

stimuli of 180 J/cm2 (right panel) and 90 J/cm2 (left panel). 

The % Response curves for rabbit red blood cells are shifted to 

the left to reflect greater cell sensitivity to a cell-attack 

stimulus when the micro-sample contains cells that have been 

previously incubated for one hour with diamide. These diamide­

incubated cells have enhanced susceptibility (increased Slope and 

decreased T
112

} to a very low cell-attack stimulus as illustrated 
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in the left panel of Figure 11. Accoruing t~ s~ienti=i=·· 

' 
literature, diamide is a drug which oxidizes the sulfhydryl' 

groups of proteins in the cell membrane to increase the cross­

linking of spectrin which disturbs the protein layers of the cell 

~embrane to disrupt cell membrane integrity. Thus, these data 

show that the microphotolysis process can detect an increase in 

cell fragility which results from a disturbance to the protein 

layers of the cell membrane. 

Figure 13 shows the % Response curyes (mean ± SEM) for 

~crophotolysis of rabbit {N = 5) cell micro-samples that 

contained 2 mg/ml of FITC-dextran (150,000 daltons), standard 

buffer, and a 4% concentration of red blood cells which had been 

previously incubated for 20 minutes with Chlorpromazine at a 

concentration of 100 microMolar (circles), 30 µM (diamonds), 10 ·, 
µM (squares), and O µM (filled triangles), with cell-attack 

stimuli of 180 J/cm2 (right panel) and 90 J/cm2 (left panel). 

The % Response curves for rabbit red blood cells are shifted to 

the left to reflect greater cell sensitivity to cell-attack when 

the micro-sample contains cells that have been previously 

incubated for 20 minutes with chlorpromazine. These 

chlorpromazine-incubated cells are also more susceptible 

(decreased T112 but no chancre in Slope) to very low levels of 

cell-attack stimuli as illustrated in the left panel of Figure 

12. According to scientific literature, chlorpromazine, in the 

concentrations used.here, primarily produces stomatocyte 
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formation through an effect of chlcrpr::>mazir..c tC1.·alter tile· 
' 

arrangement of the lipid bilayer in the cell membrane with less 

effect on the protein layers in the cell membrane. Thus, these 

data show that the microphotolysis process can detect an increase 

in cell membrane fragility which results from a disturbance to 

the lipid layers of the cell membrane. 

Figure 14 shows the % Response curves (mean ± SEM) for 

microphotolysis of rabbit (N = 6) cell micro-samples that 

contained 2 mg/ml FITC-dextran (150,000,daltons), standard 

lbuffer, and a 4% concentration of red blood cells which had been 

previously incubated for one hour with gluteraldehyde at a 

concentration of 0.02% (circles with dashed line), 0.01% 

(diamonds), 0.005% ·(triangles), 0.0025% (squares with dashed 

line), 0.00125% (circles), and 0.000% (filled triangles), with a 
·, 

cell-attack stimulus of 180 J/cm2 • The % Response curves for 

rabbit red blood cells are shifted to the right with increased 

T112 and decreased Slope to reflect less cell sensitivity to a 

cell-attack stimulus when the micro-sample contains cells that 

.have been previously incubated for one hour with a 0.01% or 

greater solution of gluteraldehyde. According to scientific 

literature, gluteraldehyde decreases membrane fragility (less 

breakable cell) and increases membrane rigidity (less deformable 

cell). Chlorpromazine increases membrane fragility more 

breakable) without any reported change in membrane rigidity 

(unchanged deformability). Dia.mide increases membrane fragility 
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(Jllore breakable) and increases membrane ric:r::.riit~• ( lesi:: 

deformable). Thus, comparison of the effect of these three 

agents as shown in Figures 12, 13, and 14 demonstrates that the 

aU.crophotolysis process measures changes in cell membrane 

fragility rather than simply cell membrane rigidity, and that the 

!Dicrophotolysis process can distinguish between a change in 

~embrane fragility due to altered lipid layers and a change due 

to altered protein layers. 

A streptozoticin-injected laboratoty rat is a widely-used 

animal model of human insulin-dependent diabetes with elevated 

blood sugar (hyperglycemia) and glucose spill-over into the 

urine. Diet manipulation of a laboratory rat is a known animal 

model of human hypercholesterolemia. Figure 15 shows the Percent 

Maximal Response (MR%) and the T
112 

and Slope values of the % 
'· 

Response curves for microphotolysis of red blood cells from 5 

normal control Sprague-Dawley laboratory rats (C) at 248 ± 3.6 

J/cm2 , 3 streptozoticin-induced insulin-dependent diabetic 

Sprague-Dawley rats (D) at 245 ± 4.1 J/cm2 , and 6 diet-induced 

hypercholesterolemic Sprague-Dawley rats (H) at 249 ± 2.7 J/cm2 • 

All cell micro-samples had a composition of 4 mg/ml FITC-dextran 

(20,000 daltons), standard buffer, and a 3% concentration of red 

blood cells. The % Response curves for red blood cells from 

normal rats, diabetic rats, and hypercholesterolemic rats have 

similar Maximal Responses to the microphotolysis process. Red 

blood cells from the -hypercholesterolemic rats have normal T112 
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'~nd Slope value_s. Cells from the Jial:.etic =.:it~-- have 

l~ignificantly longer T112 and lower Slope values to indicate a 

~ubstantial reduction in cell membrane fragility for the diabetic 
~1~· 

1
~nimals. These data demonstrate that the microphotolysis process 

.~an detect diseases (such as diabetes) which alter ion pumps 

fcsuch as the calcium pumps) in the cell membrane. 

Microphotolysis of Human Cells 

Figure 16 shows the Percent Maxima~ Response (MR%} and the 

~T112 and Slope values of the % Response curves for microphotolysis 

of 0.5% to 3.0% concentrations of human (N = 3) red blood cells 

in micro-samples that contained 4 mg/ml FITC-dextran (20,000 

daltons). One subject received a cell-attack stimulus of 549 ± 

o.,~ J/cm2 , the second subject received 340 ± 1.1 J/cm2 , and the 

third subject received 198 ± 1_.3 J/cm2 for all five cell 

concentrations. Microphotolysis of red blood cells from humans 

gives the same Percent Maxilnal Responses for micro-sample cell 

concentrations in the 1. 0% to 3. 0% range, the same T
112 

values for 

cell concentrations in the 0.5% to 2.0% range, and the same % 

Response curve Slopes for cell concentrations in the 0.5% to 3% 

range as shown in Figure 16. Microphotolysis of red blood cells 

from rabbits gives the same % Response curves for micro-sample 

cell concentrations in the 3% to 5% range as illustrated in 

Figure 8. These data indicate that the microphotolysis process 

is relatively insensitive to variations in cell concentrations 
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within specific but different concentration' 'ranges f6r" animals 

and humans. 

According to scientific literature, pentoxifylline, a 

therapeutic agent which increases peripheral blood flow in 

several human pathologies, increases the "flexibility" of cell 

membranes to perm.it easier passage of red blood cells through 

blood vessels; yet, pentoxifylline does not simply alter cell 

membrane rigidity (cell deformability). Figure 17 shows the 

Percent Maximal Response (MR%) and the ',!!112 and Slope values of 

the % Response curves for microphotolysis of human (N = 5) cell 

micro-samples that contained 4 mg/ml FITC-dextran (20,000 

daltons) and a 1% concentration of red blood cells which had been 

previously incubated at 4° C FOR ONE HOUR with pentoxifylline 

(P~FX) concentrations of 10 milliMolar (filled bars), 1 mM 

(striped bars), and 0 mM (clear bars). One subject received a 

cell-attack stimulus of 658 ± 6.6 J/cm2 , three subjects received 

329 ± 1.9 J/cm2, and one subject received 196 ± 0.7 J/cm2 for all 

three pentoxifylline concentrations. Figure 18 shows the Percent 

Maximal Response {MR%) and the T112 and Slope values of the % 

Response curves for microphotolysis of human (N = 5) cell micro­

samples that contained 4 mg/ml FITC-dextran (20,000 daltons) and 

a 1% concentration of red blood cells which had been previously 

incubated at 4° C FOR TWENTY-FOUR HOURS with pentoxifylline 

{PTFX) concentrations of 10 milliMolar (filled bars), 1 mM 

(striped bars), and 0 mM (clear bars). One of these subjects 
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received a cell-attack stimulus of 641 ± ::·~3 J/cm2 , thre'e 
I 

subjects received 330 ± 1.7 J/cm2 , and one subject received 205 ± 

o.7 J/cm2 for all three pentoxifylline concentrations. 

Incubation of human red blood cells with pentoxifylline for one 

hour alters the microphotolysis response of those cells. As the 

pentoxifylline concentration is increased, there is a progressive 

(dose-dependent) ·decrease in the Percent Maximal Response, an 

increase in T112 , and a decrease in the Slope of the 

microphotolysis % Response curves as illustrated in Figure ~7. 

With 24-hour pentoxifylline incubation pf red blood cells as 

tshown in Figure 18, the decrease in the Percent Maximal Response 

is lost, and the decrease in Slope is partially lost, but the 

dose-dependent increase in T 112 is still present. These data 

demonstrate that the microphotolysis process is sensitive to 

drug-induced alterations in human cell membranes, and that 
' 

microphotolysis can distinguish between drug-treated and non-

treated human cells, as a function of time after drug treatment. 

Figure 19 shows the Percent Maximal Response (MR%) and the 

. T112 and Slope values of the % Response curves at cell-attack 

stimuli of A = 243 ± 2.9 J/cm2 (clear bars), B = 400 ± 3.6 J/cm2 

(striped bars), and C = 642 ± 4.0 J/cm2 (filled bars) for 

m.icrophotolysis of red blood cells from four female and three 

male African-Americans who had no clinical indicators of sickle-

cell disease. The cell micro-samples contained 4 mg/ml FITC­

dextran (20,000 dalt.ons), a 3% concentration of red blood cells, 
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and buffer. Figure 20 shows the P~rce~t Y-i.::~l'Res~6r.se,(MR%) 

and the T112 and Slope values of the % Response curves at cell­

attack stimuli of A= 247 ± 1.1 J/cm2 (clear bars), B = 395 ± 5.5 

J/cm2 (striped bars), and C = 643 ± 4.0 J/cm2 (filled bars) for 

inicrophotolysis of red blood cells from 2 female and 3 male 

African-Americans with clinical diagnosis of sickle-cell disease 

but not hemoglobin-F abnormality. The cell micro-samples 

contained 4 mg/ml FITC-dextran (20,000 daltons), a 3% 

concentration of red blood cells, and buffer. Normal red blood 

cells from humans without sickle-cell d~sease as illustrated in 

~the left panel of Figure 19 show an eventual 88 to 95% disruption 

(Percent Maximal Response, MR%) after exposure to cell-attack 

stimuli across a broad range from 240 J/cm2 to 660 J/cm2 • These 

normal human cells have microphotolysis % Response curves with a 

pr_~gressively decreasing T112 and a progressively increasing Slope 

as the cell-attack stilllulus is increased as shown in Figure 19. 

In contrast, red blood cells from humans with sickle-cell disease 

have a substantially reduced Percent Maximal Response (with a 

peak at an intermediate cell-attack stimulus level), a 

significantly elevated T
112 

which is not a function of cell-attack 

stimulus level, and a substantially reduced Slope as is evident 

in a comparison of Figure 20 to Figure 19. These data 

demonstrate that the microphotolysis process is sensitive to 

pathologic alterations in human cell membranes, and that 

Inicrophotolysis provides multiple parameters for detection of 

human diseases that alter cells. 
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Figure 21 shows the Percent ii..axil:tal a.·2:!!'ponse (M'H>)' rttid thP. 

rr112 and Slope values of the % Response curves at cell-attao~ 

stimuli of A= 253 ± 2.8 J/cm2 (clear bars), B = 399 ± 

4.6 J/cm2 (striped bars), and C = 661 ± 2.1 J/cm2 (filled bars) 

for microphotolysis of red blood cells from 1 female and 1 male 

African-American with clinical diagnosis of sickle-cell disease 

and hemoglobin-F abnormality. The cell micro-samples contained 4 

mg/ml FITC-dextran (20,000 daltons), a 3% concentration of red 

blood cells, and buffer. Red blood cells from humans with a 

combination of sickle-cell disease and a hemoglobin-F abnormality 
~ 

have a normal Percent Maximal Response, an abnormally high T
112

, 

and a normal Slope at lower cell-attack stimuli but a reduced 

Slope at the higher cell-attack stimulus as is evident in a 

comparison of Figure 21 to Figure 19. These data show that the 

microphotolysis process· is sensitive to combinations of -, 
pathologic alterations in human cell membranes. Also these data 

demonstrate that multiple parameters of the microphotolysis 

process can differentiate between normal human cells as shown in 

Figure 19 and single-disease altered cells as shown in Figure 20, 

and can distinguish both of those situations from multiple 

abnormalities such as those shown in Figure 21. 

The foregoing detailed description is given primarily for 

clearness of understanding and no unnecessary limitations are to 

be understood therefrom, for modifications will become obvious to 

those skilled in the art based upon more recent disclosures and 
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m~Y be made without departing from the spirit of the invention 

~nd scope of the appended claims. 
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CLAIMS: 

Claim -1 • A method for measuring the strength 

of a cell membrane, comprising the steps of: 

suspending test cells whose membrane strength are to be 

measured in a physiologic salt solution of selected osmolali ty 

ranging from about 200 to about 400 milliosmoles forming a cell 

containing solution; 

adding an inactive cell-attacking chemical agent to said cell 

containing solution, said inactive cell-attacking chemical agent 

comprising molecules absorbing radiant energy in a range of about 

300 ~o about 900 nanometers for creating highly reactive electron-

deficient atoms therefron producing a radiant energy sensitive 

solution; 
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identifying a localized microscopic area containing a micro­

sarople of said radiant energy sensitive solution; 

applying a focused first radiant energy in a range of about 

300 to about 900 nanometers at a selected wavelength to said micro-

sampoe of said radiant energy sensitive solution, exposing said 

cell in said radiant energy sensitive solution to said radiant 

energy for a selected period of time for determining the number of 

intact cells in said localized microscopic area of said micro-

sample a~ any time period; 

deterr.iining the number of intact cells in said localized 

microscopic area; 

applying a focused second radiant energy in the range of about 

300 to about 900 nanometers for a selected time in a selected time 

interval at a selected different wavelength than said first radiant 

energy, said second radiant energy photoactivating said cell-attack 

agent producing highly reactive electron-deficient atoms from said 

cell-attack agent forming a cell-reacting medium; 

reacting said highly reactive electron-deficient atoms in said 

cell-reacting medium with said test cells in said localized 

microscopic area disrupting the cell membranes of said test cells 

permitting loss of said cell contents and changing the absorption 

of said first radiant energy by said test cells in said localized 

microscopic area; and 

analyzing the strength of said_cell membrane quantitatively by 

comparing the amount of said first radiant energy used to disrupt 

said cell membranes of said cells in said micro-sample after 
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exposure to said cell-reacting medium, with the amount of first 

radiant energy applied before the application of said second 

radiant energy and deternining the number of intact cells in said 

localized microscopic area at selected time intervals. --

Claim 2. The method for measuring the strength 

of a cell membrane as claimed in Claim 1, wherein said analyzing 

step comprises comparing the starting number of cells with maximum 

number of cells disrupted, the time to reach disruption of 1/2 of 

the maximum number of cells to be disrupted, and the maximum rate 

of cell disruption during said selected time intervals. 

Claim 3. The method for measuring the strength 

of a cell membrane as claimed in Claim 1, wherein said analyzing 

step comprises comparing the starting number of cells with the 

maximum number of cells disrupted, the time to reach disruption of 

1/2 of the maximum number of cells to be disrupted, and maximum 

rate of cell disruption 

Claim 4. The method for measuring the strength 

of a cell membrane as claimed in Claim 1, including the step of 

selecting said test cells from the group consisting of red cells, 

White cells, platelets, or mixture thereof. --

Claim 5. The method for measuring the strength 

of a cell membrane as claimed in Claim 1 , including the step of 
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suspending test cells whose membrane strength is to be measured in 

-a physiologic solution of selected osmolality ranging from about 

200 to about 400 milliosrnoles forming a cell containing solution.--

Claim 6. The method for measuring the strength 

of a cell membrane as claimed in Claim 1 , including the step of 

applying said focusedfirst radiant energy in time intervals ranging 

from about 1 minute to about 60 minutes. 

Claim 7 . The method for measurin-g the strength 

of a cell membrane as claimed in Claim 1, including the step of 

applying said focused first radiant energy in time intervals 

r~nging from about 1 minutes to about 10 minutes. 

Claim 8 . The method for measuring the 

strength of a cell membrane as claimed in Claim 1, including the 

step of applying said focused first radiant energy in time 

intervals ranging from about 1 second to about 1 minute over a 60 

minute period or until there are 5 or fewer intact cells within 

said localized microscopic area. --

Claim 9_. The method for measuring the 

strength of a cell membrane as claimed in Claim 1, including the 

step of preparing a micro-sample of about 25 rnicroliters (µl) 

of said radiant energy sensitive solution~ --
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Claim 10. The method for measuring the 

strength of a cell membrane as claimed in Claim 1 , including the 

the step of applying a focusedsecond radiant energy in the range of 

about 300 to about 900 nanometers at a selected different 

wavelength to photoactivate said inactive cell-attack agent 

producing said highly reactive electron-deficient atoms from said 

cell-attack agent in said radiant energy sensitive solution for 

about 1 second to about 10 minutes depending on the particular 

inactive cell-attack agent selected. 

Claim .11. The method for measuring the 

strength of a cell membrane as claimed in Claim 1 , which comprises 

the step of adding an inactive cell-attacking chemical agent to 
" 

said cell containing solution, said inactive cell-attacking 

chemical agent comprising molecules absorbing radiant energy in a 

range of about 300 to about 900 nanometers creating highly reactive 

electron-deficient atoms therefrom producing a radiant energy 

sensitive solution, further including the step of selecting said 

cell-attack agent specific to the type of cell to be analyzed.--

Claim 12. The method for measuring the 

strength of a cell membrane as claimed in Claim 1 , which comprises 

the step of adding an inactive cell-attacking chemical agent to 

said cell containing solution, said inactive cell-attacking 

chemical agent comprising molecules absorbing radiant energy in a 

range of about 300 to about 900 nanometers creating highly reactive 
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~1ectron-def icient atoms therefrom producing a radiant energy 

I . . 1 . . 
~ens1t1ve so ut1on, further including the step of selecting said 
•· 
~ell-attack agent from the group consisting of phloxine B, eosin-
l 
:·isothiocyanate, pheophorbide, protoporphyrin, fluorescein 
1· 

~sothiocyanate, fluorescein 
! 

isothiocyanate dextran, and 

fe:ombinations thereof. --

Claim 13 . The method for measuring the 

t strength of a cell membrane as claimed in Claim 1 , further 

including the step of adding a test drug to said cell containing 

solution.--

. ~,, Claim 14. The method for measuring the 

strength of a cell membrane as claimed in Claim ·1, comprising the 

step of adding a test drug to said cell containing solution 

selected from the group consisting of glutaraldehyde, glucose, 

albumin, chlorpromazine, diamide, glucose, albumin, and 

~ pentoxyifylline.--

Claim 15 . The method for measuring the strength 

of a cell membrane as claimed in Claim 1, further including the 

step of adding an intracellular-bound specific test drug to said 

cell containing solution.--

Claim 16. The method for measuring the 

strength of a cell . membrane as clained in Claim ·1, further 
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including the step of adding diamide to said cell containing 

solution for oxidizing the sulfhydryl groups of proteins in the 

cell membrane to increase the cross-linking of spectrin which 

disturbs the protein layer of cell membranes to disrupt cell 

membrane integrity by increasing membrane fragility and membrane 

rigidity.--

Claim 17. The method for measuring the 

1 strength of a cell membrane as claimed in Claim 1 , further 

including the step of adding chlorpromazine to said cell containing 

solution producing stomatocytes and altering the lipid bilayer of 

said cell membranes to disrupt cell membrane integrity by 

i~creasing membrane fragility without any change in rigidity of 

said cell membrane. --

Claim 18. The method for measuring the 

strength of a cell membrane as claimed in Claim 1 , further 

including the step of adding glutaraldehyde to said cell containing 

solution decreasing membrane fragility and increasing membrane 

rigidity of said cell membrane.--

Claim 19. The method for measuring the 

strength of a cell membrane as claimed in Clain 1'f, further 

including the step of _comparing the effect of adding at least one 

test drug to said cell containing solution selected from the group 

consisting of glutaraldehyde, chlorpromazine, diamide, glucose, 
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albumin, and pentoxyfylline for measuring the 

changes in cell membrane fragility rather than simply cell membrane 

rigidity and distinguishing between a change in membrane fragility 

due to altered lipid layers and a change in membrane fragility due 

to altered protein layers of said cell membrane.--

Claim 20 .. The method for measuring the 

strength of a cell membrane as claimed in Claim '3 , further 

comprising the step of selecting human red blood cells as said test 

cells and comparing said selected red blood cells· with control 

cells for detecting the 'disease diabetes by changes in the cell-

response curve member integrity caused by the disease.--

Claim 21 .• The method for measuring the 

strength of a cell membrane as claimed in ClainJ., further 

comprising the steps of detecting drug-induced alterations in human 

cell membranes and distingcishing between drug-treated and 

nontreated human cells by adding known amounts of said drug to 

untreated cells as a function of time after drug treatment and by 

comparison to the effect of anotehr test drug, pentoxifylline which 

is a therapeutic agent which increases peripheral blood flow and 

increases the "flexibility" of cell membranes to permit easier 

passage of red blood cells through blood vessels.--

Claim 22. The method for measuring the strength 

cf a cell membrane as claimed in Claim 2, further comprising the 
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step of determining the level of ATP (adenosine triphosphate) in 

the cell membrane of cells in the cell containing solution by 

treating the cell containing solution with known amounts of said 

ATP and comparing the membrane integrity of cells in the untreated 

cell containing solution with the membrane integrity of human red 

blood cells in the treated cell containing solution.--

Claim 23. The method for measuring the 

strength of a cell membrane as claimed in Claim 3·, further 

comprising the step of selecting human red blood cells as said test 

cells and comparing said selectedred blood cells with control human 

blood cells for detecting the disease sickle-cell anemia by changes 

in the cell-response curve due to changes in cell membrane 

integrity caused by the disease.--

Claim 24 . The method for measuring the 

strength of a cell membrane as claimed in Claim 3', further 

comprising the step of selecting human red blood cells as said test 

cells and comparing said selected red blood cells with control 

human blood cells for detecting pathologic alterations in human 

cell membranes by changes in the cell-response curve due to changes 

in the cell membrane integrity caused by the disease induced 

pathology.--

Claim 25. The method for measuring the 

strength of a cell membrane as claimed in ClairnZ, further 
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comprising the step of selecting human red blood cells as said test 

cells and comparing said selected red blood cells with control 

human blood cells for differentiating between normal human cells 

and single-disease altered cells and for distinguishing said normal 

human cells and said single-disease altered cells from multiple 

disease altered cells.--

Claim 26 .. The method for measuring the strength of 

a cell membrane as claimed in Claim 1 , which comprises the step of 

adding an inactive cell-attacking chemical agent ·to said cell 

containing solution, said inactive cell-attacking chemical agent 

comprising molecules absorbing radiant energy in a range of about 

300 to about 900 nanomete!"s creating highly reactive electron 

deficient atoms therefrom producing a radiant energy sensitive 

solution, further including the step of selecting a specific 

fluorochrorne as said cell attack-agent for a specific type of 

cell.--

Claim 27 The method for measuring the 

strength of a cell membrane as claimed in Claim 1, including the 

step of varying said osmolality of said cell containing solution.--

Claim 28 . The method for measuring the 

strength of a cell membrane as claimed in Claim i, including the 

step of varying the concentration of said cells suspended in said 
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cell containing solution.--

Claim 29 .. The method for measuring the 

strength of a cell membrane as claimed in Claim 2, including the 

step of applying said second radiant energy to produce a pattern of 

changes for untreatednormal cells with normal membranes and normal 

metabolism and comparing the strength of the membrane of said 

untreated normal cells with the strength of the membrane of cells 

which have been treated by exposure to a chemical agent.--

Claim 30 The method for measuring the 

strength of a cell membrane as claimed in Claim 2g, which comprises 

the steps of adding a cell membrane altering including anesthetic 

agents, pentoxifylline, diarnide, glutaraldehyde, and 

chlorpromazine. --

Claim 31. The method for measuring the 

strength of a cell membrane as claimed in Claim 29 , which comprises 

the steps of adding a cell membrane altering environmental toxic 

agent including a heavy metal. --

Claim 32· The method for measuring the 

strength of a cell membrane as claimed in Claim 29-, which comprises 

the steps of adding a cell membrane altering biological agent 

· h r an enzyme. --including a virus, a bacteria, a ormone, o 
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Claim 33 • The method for measuring the strength 

of a cell membrane as claimed in Claim 32. which comprises the 

steps of adding a cell membrane altering biological agent 

comprising a disease including diabetes, hypertension, anemia, 

sepsis, and an altered immune system. --

Claim 34. The method for measuring the strength 

of a cell membrane as claimed in Claim 1, further including the 

step of adding an intracellular membrane-bound specific test drug 

to said cell containing solution.-- . 

Claim 35 The method for measuring the strength 

of a cell membrane as claimed in Claim 1, further including the 

st~p of adding an extracellular membrane-bound specific test drug 

to said cell containing solution.--

Claim 36. The method for measuring the strength 

of a cell membrane as claimed in Claim 1, further including the 

step of preparing a micro-sample of about 25 microliters (µl) 

of said radiant energy sensitive solution within a covered well 

means and placing at least one water, saturated wick within said 

well means in close proxinity to said micro-sample for preventing 

dehydration of said micro-sample of said radiant energy sensitive 

solution.--

Claim 37. The method for measuring the strengtt 
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of a cell membrane as claimed in Claim , including the step of 

producing a cell-response curve having at least four different 

quantitative measurements of cell membrane integrity for said 

selected time intervals of cell strength measurement. --

Claim 38. A method to measure the strength of a 

cell membrane, comprising the steps of: 

isolating test cells whose membrane strength is to be 

measured: 

suspending said test cells ih a physiologic solution of 

selected osmolality ranging from about 200 to about 400 

milliosmoles forming a cell containing solution; 
,, 

adding an inactive cell-attacking fluorochrome agent to said 

cell containing solution, said inactive cell-attacking fluorochrome 

agent absorbing radiant energy in a range of about 300 to about 900 

nanometers for forming highly reactive electron-deficient atoms 

therefrom for producing a radiant energy sensitive solution; 

preparing a micro-sample of said radiant energy sensitive 

solution containing said cells in a localized microscopic area; 

applying a focused first radiant energy at a selected 

wavelength in a range of about 300 to about 900 nanometers to said 

cells in said radiant energy sensitive solution for determining the 

number of intact cells in said localized microscopic area of said 

micro-sample at a selected time; 

determining the number of cells having intact membranes in 

said localized microscopic area of said micro-sample; 
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applying a focused second radiant energy at a selected 

wavelength in a range of about 300 to about 900 nanometers to said 

inactive cell-attacking fluorochrome agent in said radiant energy 

sensitive solution for a selected time and a selected interval at 

a selected different wavelength than said focused first radiant 

energy, said second radiant energy photoacti vating said cell-

attacking fluorochrome agent producing said highly reactive 

electron-deficient atoms from said cell-attack fluorochrome agent 

in the said radiant energy sensitive solution: 
~ 

reacting said highly reactive electron-deficient atoms fron 

said cell-attacking fluorochrome agent with said cell membranes in 

said localized microscopic area of said micro-sample disrupting 
·, 

cell membranes permitting loss of cell contents and changing the 

cell absorption of said focused first radiant energy; 

analyzing the strength of said cell membrane quantitatively by 

comparing the amount of said focused first radiant energy absorbed 

by said cells in said iocalized microscopic area for a selected 

time after exposure to said focused second radiant energy for a 

selected time interval, with the amount of said focused first 

radiant energy applied before, throughout, and after the 

application of said focused second radiant energy; and 

comparing the starting number of cells with the maximum number 

of cells disrupted, the time to reach disruption of 1/2 of the 

maximum nur.iber of cells to be disrupted, and the maximwn rate of 

cell disruption and producing a cell-response curve having at least 

four different quantitative measurements of cell membrane 
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integrity. --

r ,. ,. , 

The method for measuring the strength 

of a cell membrane as claimed in Claim 2, further comprising the 

step of determining the level of glucose in the cell membrane of 

cells in the cell containing solution by treating the cell 

containing solution with known amounts of said glucose and 

comparing the membrane integrity of cells in the untreated cell 

containing solution with the membrane integrity of human red blood 
, 

cells in the treated cell containing solution.--
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