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AWICRO LYSIS-AlfALYSIS PROCESS 

!!O JIBASURB CBLt. CllARAC!BRIS!!ICS UD DI~E DISBASES 

'BACKGROUND OF TBB INVENTION 

Under various cell environments, most biological cells can 

drastically change their shape (called cell "deformlbflity") 

without structural damage to the cell membrane, without a loss in 

cell contents to the cell environment, and without a change in 

the. chemical function of the cell membrane. Under other cell 

environments, the cell membrane can lose chemical function, can 

suffer structural damage, and can rupture to lose cell contents 

to the cell environment (called cell fragility). Thus, cell 

deformability and cell fragility are two independent 

characteristics of a cell membrane. Cells can have any 

cOmbination of a high-to-low deformability and a high-to-low 

fi:-agility. However, iiost no:cmal cells have high deformability 

alid moderate-to-iow f~agility. 

Deformability .ta ~~e important characteristic for some cells 

such as "sensory rec~t~rs• which are normally stationary in the 

cell environment and for other cells such as blood and lymph 
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cells which normally move in the cell envirqnment. Cell 

fragility is an important characteristic for almost all normally 

stationary and normally moving cells because changes in the cell 

environment can cause considerable amounts of water to move into 

cells to rupture more fragile cells. Changes in cell fragility 

can change the ability of a cell to perform its nontal f~nction 

· in a normal or abnormal cell environment. For example, an 

abnormally high fragility of red blood cells will lead to 

premature rupture of many red blood cells in a normal blood 

env!~onment which_wi~l reduce the circulating pool of red blood 

cells and will reduce the red blood cell transpo~ 'bf oxygen to 

tissues. Yet, these highly fragile cells can have normal cell 
I 

deformability. Thus, fragility might clinically be a more 

important cell characteristic than deformability. 

Cell fragility is altered by many conditions such as cell . 
age, duration of blood-bank storage, treatment with a variety of 

membrane-binding drugs, and progression of membrane or 

hemoglobin-related diseases such as diabetes and sickle-cell 

anemia, respectively. Thus, a rapid, highly accurate, and easily 

applied method is needed for clinical measurements to assess cell 

fragility as an index of "cell strength- which is defined as the 

degree to which the cell membrane can maintain its structural 

integrity and its chemical function in a normal and an altered 

cell environment. Most current methods for assessing cell -

strength primarily create mechanical forces on cells to assess 
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either the deformability or the fragility of these cells. These 

methods include osmotic-Gradient Ektacytometry, .and Cell 

Piltration, Micropipette Suction, and Osmotic Fragility tests. 

Osmotic-Gradient Bktacytometry is.one method that applies 

aecbanical forces to meastire a combination of cell deformability 

and cell fragility. This method uses a viscometer device to 

measure shape changes which are induced in red blood cells by 

various speeds of rotation (called applied shear stress) of the 

test cells with different osmotic·solutions in the cell 

environment. The osmotic-spectrum curves which are• p7oduced by 

Bktacytometry are highly variable for the same test-cell sample 

due to small changes in sample ~ient temperature, -pa, and 

plasm.a osmolality. Thus, these osmotic-spectrum curves are 

complex and very difficult to use for interpretation of changes 

"in cell deformability. As a result, Ektacytometry currently 

requires very sophisticated equipment, extensive operator 

training, and hiqhly controlled test conditions to obtain one 

measurement value for the combination of cell deformability and 

fragility. This makes Bktacytometry usable only in a few 

research laboratories and not in a clinical setting. 

other methods such as Cell Filtration and Micropipette 

Suction also reguire the external application of a mechanical 

force to cells but these methods primarily measure cell 

deformability by forcing (filtering) cells through various size 
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pores or by mechanical aspiration of these cells into 

m!oropipettes of fixed tip size and taper. ~ese methods also 

require very.sophisticated equipment and substantial operator 

traininqf and they are extremely time consuming to obtain an 

analysis of only a relatively few cells in each test-cell sample. 

~hus, these methods have also not been aca.epted into general 

clinical use. 

Assessment of cell deformability in the Cell Filtration 
. 

method has been improved by measurements of electrical impedance 

(Banss et al, United States Patent No. 4,835,457) and. 

measurements of time (David o. Paterson, United States Patent No. 

4,491,012) during the application of external mechanical force 

(pressure) to force red blood cells to pass through either an 

artificial membrane filter or a foil system (Helmut Jahn, United 

States Patent No. 4,797,606l• These measurement methods are 

extremely sensitive to manufacturing tolerances on the filter or 

foil and both of these measurement methods primarily assess only 

cell deform.ability B.lld not cell fragility. Thus, these 

measurement additions to the Cell Filtration method have also not 

found their way into common clinical use. 

The Osmotic Fragility method was one of the earliest 

techniques that was developed for assessment primarily of red 

blood cell fraqility rather than deformability, ~nd it is one of 

the few methods currently in clinical use. The Osmotic Fragility 
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method is time-consuming, and it requires multiple blood handling 

. steps, and relatively large volumes of blood samples. The 

Osmotic Fragili~y method uses exposure of blood samples to a 

large range of sa-lt concentrations t"C:> produce a large range in 

the osmotic pressure for the cell environment. The osmotic 

pressure mechanically forces water into cells to swell cells to 

the point of cell membrane rupture. 

The osmotic pressure method has been adapted by Groves and 

Rodriguez (United States Patent No. 4,535 1 284) to apply high 

~requency and lo~ frequency electrical currents ·to ~e~ect the 

percent of red blood cells that are altered during application of 

osmotic mechanical forces over a large range of osmotic cell 

environments. This use of high frequency and low frequency 

electrical currents is combined with a Coulter Counter• to 

classify individual red blood cells as normal or abnormal. 

overall, .the osmotic mechanical gradient method and various 

refinements to this method can only detect relatively large 

changes in cell membrane fragility because this osmotic-based 

mechanical method provides no information about the rate of cell 

lysis (which occurs when the cell membrane ruptures). The lack 

of method sensitivity to mild or moderate changes in cell 

fragility has led to the clinical use of the osmotic mechanical 

~thod only for diagnosis of one disease called hereditary 

spherocytosis. 
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In contrast to methods that apply external mechanical forces 

mostly to measure cell deformability or in one case (osmotic 

gradients) to measure cell fragility, there is a chemical method 

which changes the mechanical characteristics of cell membranes to 

assess cell membrane fragility. 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 

cell membranes (called hemolysis) in a test tube. Since then, 

this basic process (called photohemolysis) has been extensively 

studied in a variety of test-tube experiments. 
. ... 

The mechanism for photohemolysis is oxygen dependent and is 

thought to involve the generation of singlet oxygen with the 

subsequent oxidation of proteins in the red blood cell membrane. 

It has been suggested that this protein oxidation leads to the 

creation of extra water channels in the cell membrane. This 

would increase passive cationic exchange across the cell membrane 

to give a subsequent influx·of water into the cell to swell the 

cell to the point of hemolysis. It has been suggested that 

photohemolysis could also involve peroxidation of the lipid 

layers in the ce·11 membrane. This peroxidation app~ars to limit 

the ability of molecules to move (called membrane fluidity} in 

the lipid bilayer of the cell membrane, which then appears to 

l!Diit the ability of the cell to undergo shape changes (cell 

deformability), since shape changes.in normal cells appear to 

depend on membrane fluidity in· the lipid bilayer. 
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Thus, there is considerable scientific evidence to show that 

certain chemical agents can be photoactivated to create cell­

attack agents which disrupt red blood cells by altering either 

the protein or the lipid layer of the cell membrane. These 

alterations in cell membrane structure permit water inf low to 

increase internal cell volume until the "internal cell pressureu 

ruptures the cell membrane (called cell ~ragility) sufficiently 

to cause the loss of cell contents (called lysis in general or 

hemolysis in the case of red blood cells). 

Curreqtly, a limited number of chemical agents~have been 
# 

identified as potential cell-attack agents. Previous research 
. , 

has not yet discovered an acceptable method for use of these 

cell-attack agents to reproducibly create photohemolysis. 

Previous uses of these cell-attack agents have been limited by 

requirements for long photoactivation periods, long analysis 

times, test-cell isolation from the original blood sample, 

m.Ultiple blood samples and high volume (milliliter) samples, and 

by a test result that gives only a single measurement parameter 

for each sample. 

The long photoactivation periods have been a major 

limitation. For example, photoactivation of red blood cells 

incubated with O.lmM of protoporphyrin as the cell-attack agent 

requires approximately twenty minutes of photoactiyation exposure 

time to achieve only a modest 20% hemolysis in the cell sample; a 
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100% hemolysis requires a 25-minute or longer photoactivation 

exposure period with this agent. Similarly, more than twenty 

minutes of photoactivation exposure is needed with pheophorbide 

as the cell-attack agent to give approximately 90% hemolysis in 

the cell sample. Photoactivatiori periods of 3-4 hours are 

required with eosin-isothiocyanate as the cell-attack agent to 

give maximal bemolysis which only then occurs approximately 11 

hours after the photoactivation period. These long 

photoactivation periods produce highly variable hemolysis rates 

and hemolysis levels which have limited these photohemolysis 

techniques to research use. .·• 

A few researchers have previously attempted the use of a 

light scattering device to detect the presence of significant 

photohemolysis. However, this device is very sensitive to very 

small changes in red blood cell concentrations, and this device 

requires a monolayer of red blood cells with a red cell 

concentration of less than 0.00025%. Such concentrations have 

not been practicable to achieve even by current modern 

~cropipetting systems. In addition, the use of a cell monolayer 

and the light scattering measurement have also been limited by a 

long photoactivation and hemolysis measurement period since 100% 

hemolysis of a cell sample requires four hours with phloxine B as 

the photoactivated cell-attack agent. 
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Current cli!J4.cal methods. rely on osmotic mechanical forces 

over a wide osmotic range to create hemolysis, and these methods 

··:teciuire milliliter (i.e. macro) quantities of blood volumes to 

~ex:mine an osmolality range (equivalent to internal water 

pressure) within which hemolysis occurs. These Osmotic Fragility 

tests are generally perf o~ed on sample volumes in test tubes or 

auvettes, and parallel light is required for dete~ion of the 

presence or absence. of significant hemolysis. These current 

clinical ·hemolysis methods cannot separately measure changes in 

cell deformability and cell fragility, cannot distinguish changes 

in cell membrane fra~ility due to alterations in tha l?rotein 

layer of the membrane from fragility changes due to alterations 

in the lipid layers ~f the membrane, and cannot determine "a rate 

of hemolysis" which would provide a more sensitive hemolysis test 

for clinical use. 

Both the current Osmotic Fragility clinical method and the 

Photohemolysis research method require multiple cell samples, 

multiple sample dilutions, sample centrifugation, and separate 

sample analysis in a spectrophotometer to give a single 

measurement of a parameter called Percent Cell Bemolysis at one 

point in time as an assessment of cell membrane fragility. Thus, 

these current clinical and research methods do not provide 

simultaneous energy-dose dependent and time-dependent 

measurements of photoactivation and hemolysis r~lationships from 

one, small volume (i.e. micro)., blood sample. 
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~he present invention includes a new "micro-lysis• process 

which applies prec'ise measurable quantities of focused energy to 

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

micro-sample of less than 25 µl) to activate a 'chemical agent 

(called the energy-activated cell-attack agent) which then 

attacks the cell membranes only in the microscopic area of the 

aell·micro-sample. The present invention also includes a new 

"micro-analysis" process which measures, as a function of time, 

the precise degree of cell membrane rupture which i~ caused by 

the energy-activated cell-attack agent in the microscopic area of 

cell-attack. The combination of these two processes give a 
i 

quantitative, time-related, energy-dose dependent, multivalue 

measure of the cell membrane property that is commoniy called 

cell fr~gility. 

The present invention (called the Micro Lysis-Analysis 

Process) has several advantages over other current methods which 

give relatively imprecise single-value estimates of cell 

fragility. The Micro Lysis-Analysis process is unique in its use 

of microscopic focused energy to activate the cell-attack agent 

only in a very .small defined microscopic area of a cell micro­

sample. ~us, independent cell-attack in multiple separated 

microscopic areas can be initiated to obtain multiple cell 

fragility measurements in a single micro-sample, with other 
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microscopic areas left as baseline unactivated cell-attack sample 

references. Bach microscopic area of a micro-sample can also be 

analyzed before energy activation of the cell-attack agent in 

~a.ch respective microscopic area to give a local microscopic 

baseline reference for subsequent determination of the lysis 

response in each respective microscopic area. In contrast to 

other current methods, these advantages of the present invention 

provide multiple •energy-dose lysis-response" relationships to 

give very precise time-related measurements of cell membrane 

fragility in a single micro-sample'. 
_ ... 

Unlike other current methods, the novel use in the present 
I 

invention of focused energy on a small microscopic area of a cell 

micro-sample only requires relatively short energy-exposure 

times of l to 10 minutes to activate the cell-attack agent, and a 

relatively short time, depending on the cell population, of 30 to 

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

invention provides a unique and complete micro-lysis response 

curve to measure the rate as well as the final degree of cell 

lysis within a total measurement time of one hour or less on a 

single micro-sample of .25 microliters (µl) in volume. 

In the present invention, precise quantities (doses) of 

various test chemicals can be added to the cell micro-sample to 

provide a dose-response test for the effect (efficacy) of those 

chemicals to alter cell fragility. Thus, the present invention 
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can provide a unique and complete dose-response analysis for six 

doses of a test chemical on a total blood sample of 150 µl in 

volume. 

Unlike other current methods, the present invention is a new 

process which does not require cell isolation from the original 

blood. sample, multiple blood samples, or further cell 

manipulation after the micro-sample is pla~ed in the sample­

oarrier. The present invention is easy to perform with easy-to­

conduct tests ·of reproducibility by separate energy-activation in .. 
multiple microscopic areas of each micro-sample. The~present 

invention is a new process which gives a micro-lysis that depends 

only on the level of energy-activation and on the concentration 
i 

and formulation of the cell-attack agent. The present invention 

is a new process that is not affected '(as are other methods) by 

variations in sample temperature which can increase Brownian cell 

motion to confound other lysis measurements, and is not affected 

by non-specific effects of other blood constituents such as 

plasma in the cell mic~o-sample. Thus, the present invention is 

a new process which creates a very specific energy-level related 

cell lysis only in the area of focused energy-activation of the 

cell-attack agent. 

The present invention is a new process that can measure 

alterations in cell membrane fragility due to changes in membrane 

characteristics that are created by a cell-attack agent that 
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remains and becomes activated only outside the cell (an 

extracellular cell-attack agent). The present invention is a new 

process that can also measure alterations in cell membrane 

f~agility ~ue 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 cell-attack agent 

becomes energy-activated. Thus, the present invention is a new 

process which can provide first-ever detection of systemic 

d~seases that alter only the cell membrane, systemic diseases 

which alter only the internal cell. composition, and detection of 
... 

alterations in cell fragility due to t~eatmenta of cei1a with 

test chemicals. 

The energy level for activation of an intracellular cell­

attaok agent will in part depend on the anti-oxidant status of 

the cell. Many cells such ~s red blood cells usually carry 

oxygen and these cells maintain a well developed anti-oxidant 

system to protect the cell against auto-oxidation. Other current 

methods to assess cell fragility cannot also assess anti-oxidant 

activity because these other methods do not induce oxidation 

reactions within the cell. The present invention is a new 

process which can measure the difference in cell fragility due to 

energy-activation of separate external and internal cell-attack 

agents to determine the status of the anti-oxidant system in the 

cell. -
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'J!he present invention is a new process- (called a Micro 

Lysis-Analysis Process) which uses a qenerally known 

configuration of generally available equipment, new calibration 

procedures, new solutions, new cell preparations, and a new micro 

lyaia-analysis procedure in a critical new sequence of steps to 

measure cell fragility in microscopic regions of a cell­

containinq micro-sample. 

Accordinqly, it is an object of the present invention to 

utilize a qenerally known configuration of microscope, light 

source, light control, television imaginq, and videb recordinq .. 
equipment to provide microscopic imaqes of cell samples. 

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

new microscope calibration procedure to provide exposures of 

cells to quantitated, focused, frequency-specific enerqies. 

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

generally known selection procedure to obtain a cell specimen. 

It is a further object of the present invention to utilize 

preparation of a standard buff er solution to provide a 

standardized environment for the cell specimen. 
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It is another object of the present invention to provide a 

new method for a quantifiable· cell-attack agent in different 

microscopic areas of 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 a cell-attack agent in a 

standardized solution (buffer) environment. 

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

new micro-sample preparation for subsequent measureme~ts of cell 

rupture. 

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

new micro-lysis procedure for precision energy-activated cell­

attack to rupture the cells in the micro-sample in a new 

standardized manner. 

It is yet a further object of the present invention to 

provide a new procedure for micro-analysis of micro-sample images 

to measure the time-sequenced rupture of cells during energy­

activated cell-attack in microscopic regions of the micro-sample. 

These and other improvements will be better understood on 

reading the description which follows. 
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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 l is a plot showing curves for the percentage number 

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

Respon~e-Area Optical Density) in two rectangular microscopic 

areas of a cell micro-sample as a function of time from the 
.... 

beginning of a second-energy exposure of 245 Joules/cm2 (open 

circles) which activates the cell-attack agent to a low degree in 
1 

one rectangular microscopic area to create a moderate rate of 
I 

micro-lysis over a 40-50 minute period in that area of the micro­

s~ple and a second-energy exposure of 401 Joules/cnr (filled 

circles) which activates th~ cell-attack agent to a higher degree 

in a second rectangular microscopic area to create a higher rate 

of micro-lysis over a 25-30 minute period in that second area of 

the micro-sample. 

Figure 2 is a plot showing a repeat of the micro-lysis curve 

(open circles) of Figure 1 for second-energy cell-attack 

activation at 245 Joules/cm2 in one rectangular microscopic area 

of the cell micro-sample and gives a Response-Area Optical 

Density curve as a function of ti.Die from the beginning of a 

second-energy cell-attack activation of 638 Joules/cm2 (filled 
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circles) to create micro-lysis in a third rectangular microscopic 

area of the micro-sample that gave Figure 1. 

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

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

l) the Maximal Micro-lysis Response (MR) as the zero-time 

Response-Area Optical Density {ZROD) minus the Minimum 

Plateau Response-Area Optical Density (PROD); 

2) the Percent Maximal Response (MR%) as 100 times MR 

divided by ZROD; and 
.... 

the% Response at A specific time t (! RespqpseCtl) as 

100 times the quantity, ZROD minus the Response-Area 

Optical Density 't time t (ROD(t)), that resultant 

quantity divided by MR. 

Figure 4 is a plot shmring the three micro-lysis 

t 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. 

Figure 5 is a plot showing a repeat of the micro-lysis 

I Response curve (open circles) of_ Figure 4 as the graphical 

basis for definition of: 

1) the response half-time (T112 ) as the period from the 

beginning of cell-attack activation to the time of the 

SO-percent response value, and 
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2) the largest slope of the % Response curve as the Slope 

at time t • T112 • 

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

for micro-lysis 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 four rabbits. 

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

SBM) for the effect of cell-attack·activation of 105 Joules/cm2 

.. 
(open squares), 126 Joules/cm2 (filled squares), 159 ~oules/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 i Response curves (mean ± 

SEM) for micro-lysis of 3% (circles), 4% (triangles), and 5% 

(squares) concentrations of rabbit (N • 4) red blood cells. 

Figure 9 is a plot showing the % Response curves (mean ± 

SBM) for micro-lysis of rabbit (N • 3) red blood cells that had 

been separated from whole blood (circles) and for red blood cells 

in whole blood that contained plasma and other cells such as 

platelets and white blood cells (triangles). 
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Figure 10 is a plot showing the t Response curves (mean ± 

SEM) for micro-lysis of rabbit (N = 4) red blood cells on day 5 

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

reconstituted with buffer and the cell-attack agent FITC-dextran 

(diamonds), and on day 5 after the red blood cells had been 

washed and reconstituted with buffer but not the cell-attack 

aqent FITC-dextran (squares). 

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

SBM) for micro-lysis of rabbit (N = 4) red blood cells that had 
.. 

been prepared in standar~ buffer with glucose and albµmin 

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

buffer with albumin but hot glucose (triangles), and buffer 
I 

without albumin and glucose (circles). 

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

SBM) for micro-lysis of rabbit (N = 6) red blood cells which had 

been previously incubated for one hour with a test chemical 

diamide at a concentration of s.o milliMolar (diamonds), o.s mM 

(squares), o.os DIM (circles), or o.oo mM (filled triangles), with 

cell-attack activations of 180 J/cnl- (right panel) and 90 J/cm2 

(left panel). 

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

SEM) for micro-lysis of rabbit (N = 5) red blood cells which had 
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been previously incubated for 20 minutes with the anesthetic 

Chlorpromazine at a concentration of 100 microMolar (circles), 30 

µM (diamonds), 10 µM (squares), and O µM (filled triangles), with 

cell-attack activations of 180 J/cm2 (right panel) and 90 J/cm2 

(left panel). 

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

SEM) for micro-lysis of rabbit (N = 6) red blood cells which had 

been previously incubated for one hour with the test chemical 

glutaraldehyde 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). 

Figure 15 is a bar graph showing the Percent Maximal 

Response (MR%) and the T1~ ~nd Slope values of the % Response 

curves for micro-lysis of red blood cells from 5 normal control 

Sprague-Dawley laboratory rats (C) at the cell-attack activation 

of 248 ± 3.6 J/cm2 , 3 streptozoticin-induced insulin-dependent 

diabetic Sprague-Dawley rats (D) at 245 ± 4.1 J/cm.2 , and 6 diet­

induced hypercholesterolemic Sprague-Dawley rats (B) at 249 ± 2.1 

J/cm2• 

Figure 16 is a bar graph showing the Percent Maxiinal 

Response (MR%) and the T1~ and Slope values of the % Response 

curves for micro-lysis of 0.5% to 3.0% concentrations of human (N 
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• 3) red blood cells. One subject received a cell-attack 

activation of 549 t 0.3 J/cm2, the second subject received 340 ± 

1.1 J/cm.2, and the third subject received 198 ± 1.3 J/cm.2 for all 

·five cell concentrations. 

Figure 17 is a bar graph showing the Percent Maximal 

Response (MR%) and the T112 and Slope v~lues of the % Response 

curves for micro-lysis of human (N = 5) red blood cells which had 

been previously incubated at 4° c FOR ONE BOUR with the 

~herapeutic drug pentoxifylline (PTFX) at concentrations of 10 
.... 

milliMolar (filled bars), 1 mM (striped bars), and OJ.PM (clear 

bars). One subject received a cell-attack activation 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 is a bar graph showing the Percent Maximal 

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

curves for micro-lysis of human (N = 5) red blood cells which had 

been previously incub~ted at 4° C FOR TWENTY-POUR HOURS with the 

therapeutic drug pentoxifylline (PTFX) at concentrations of 10 

milliMolar (filled bars), 1 mM (striped bars), and O mM (clear 

bars). One subject· received a cell-attack activation of 641 ± 

3.3 J/cm2, three subjects received 330 ± 1.7 J/cnl-, and one 

subject received 205 t 0.1 J/cm2 for all three p~ntoxifylline 

concentrations. 
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Figure 19 is a bar graph showing the Percent Maximal 

Respo~se (MR%) and the T 112 and Slope :values of the % Response 

curves at cell-attack activations of A = 243 ± 2.9 J/cm2 (clear 

bars), B = 400 ± 3.6 J/crr (striped bars), and c = 642 ± 4.0 

J/C'J.J?- (filled bars) for micro-lysis of red blood cells from four 

female and three male African-Americans who bad no clinical 

indicators of sickle-cell disease. 

Figure 20 is a bar graph show;ng the Perc~nt Maximal 

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

curves at cell-attack activations of A = 247 ± 1.1 J/om2 (clear 

bars), -B = 395 ± 5.5 J/crr?- (striped bars), and, C = 643 ± 4.0 

J/crr (filled bars) for micro-lysis 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 activations of A = 253 ± 2.8 J/cJll- (clear 

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

J/ain2 (filled bars) for micro-lysis of red blood cells from 1 

female and 1 male African-American with clinical diagnosis of 

sickle-cell disease and hemoglobin-F abnormality. 

Figure 22 is a photomicrograph showing the rectangular 

microscopic area of cell-attack for a cell micro-sample before 
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cell-attack activation as seen in the top left panel, 20 minutes 

after the start of cell-attack activation as seen in the top 

right panel, 40 ml.nutes after the start of cell-attack activation 

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

of cell-attack activation as seen in the bottom right panel. 

_pESCRIPTION OF THE PREFERRED EMBODIMENTS 

Process Requirements 

The present invention is a process that requires, as a 

minimum, a micro-sample which contains, as a minimum, the cells 

of interest and a chemical agent that can be energy-activated to 

become a cell-attack agent; a device to hold the microsample; a 

device to focus energy precisely on selected microscopic areas of 

the micro-sample; a device to produce a first-energy form which 

is used for the analysis of cell rupture in the selected 

:microscopic areas of the micro-sample; a device to produce a 

second-energy form which is used to energy-activate the cell­

attack agent in the micro-sample; a method to ensure the delivery 

of a precise amount of the first-energy form to the micro-sample; 

a method to ensure the delivery of a p~ecise amount of the 

second-energy form to the micro-sample; a device to measure the 

amount of the first-energy form that is transmitted through or is 

reflected from or is scattered from the micro-sample as a 

function of time; and a method to quantitate the effect of the 

time-dependent transmitted, reflected, or scattered first-energy 
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measurement of cell rupture in the micro-sample in relationship 

to the time-dependent amount of the second-energy form that is 

delivered to.the micro-sample. 

A number of currently known chemicals are capable of energy 

·activation to become cell-attack agents. It is contemplated that 

many ~re such chemicals will be identified in the future. Each 

known chemical requires energy activation in a specific energy 

band (i.e. a specific frequency and quantity of energy) to become 
. 

an effective cell-attack agent. It is contemplated that future 
.. 

such chemicals will be identified to have specific en~rgy bands 

across a broad range of the overall energy spectrum. The second 

energy form to be used in the present invention is dependent on 

the chemical that is selected to be the cell-attack agent in each 

application of the present invention. 

Likewise, each currently known type of cell has a specific 

energy band (i.e. a specific frequency) in which each respective 

cell type absorbs, reflects, or fluoresces that energy. It is 

contemplated that future cell types will be identified to have 

specific energy bands across a broad range of the overall energy 

spectrum. The first-energy form to be used in the present 

invention is dependent on the cell type that is selected to be 

analyzed for cell fragility in each application of the present 

invention. 
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'l'he following elements of the preferred embodiments for the 

present invention are described for, but are not limited to, a 

selection of fluorescein isothiocyanate (FITC) as an example of 

the cell-attack agent and for selection of the red blood cell 

(erythrocyte) as an example of the cell type. FITC has an 

absorption energy band centered at approximately 480 nanometers, 

and the red blood cell has an absorption energy band above 500 

nanometers. Both of these absorption bands are in the visible 

(i.e. light) energy range of the overall energy spectrum. Thus, 

as a result of those specific selections as examples, the 

following describes, but is not limited to, a trans1llumination 

pathway of a light microscope for the focus of the first-energy 

form which contains significant energy at energy frequencies 

above 500 nanometers to be absorbed by the red blood cell as a 

selected cell type; an epi-illumination pathway of the same 

microscope for the focus of the second-energy form which contains 

significant energy at the energy frequency of 480 nanometers to 

activate FI'l'C as a selected cell-attack agent; and the 

appropriate energy-measuring equipment for the process to measure 

energy levels (i.e. quantities) in the visible (i.e. light) 

energy band at the plane of the micro-sample. 

Equipment Configuration 

Although any microscope having a 75-300 W arc lamp can Qe 

used in the present invention, a Zeiss model 20-T light 
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microscope having a lOOW mercury arc lamp is utilized in the 

preferred embodiment to provide the second-energy form by epi­

illumination of the cell micro-sample through the microscope 

objective lens. A halogen lamp in the range of 50-300 w, 
preferably a 100 W halogen lamp, is used to provide the first­

energy form by transillumination of the cell micro-sample through 

the microscope substage condenser. A television camera with 

external control of target voltage (either a charged-coupled­

device (CCD) or a silicon-intensified-target (SIT} camera) is 

eguipped with a microscope eye-piece attachment for adequate 

microscope-image capture, videorecording, video monlt9r display, 

and aJ\alysis of micro-lysis. A standard videocassette recorder 

such as a Panasonic model 6200, a time-date video-insertion 

generator such as a Panasonic model 810, and a moderate 

resolution television monitor (at least 600 horizontal lines 

preferred) are used to record the images of a selected 

microscopic area of the cell-containing micro-sample for analysis 

of the first-energy images on-line or off-line at a convenient 

time. 

~he pref erred embod:1-Jnent of the present invention uses a 

light-microscopy objective lens (UMK SOX Leitz) with a 0.60 

numerical aperture having a variable built-in lens diaphragm, a 

microscope tube factor of l.25X, an x-Y coordinate movable 
-

microscope staqe such as that found on a Zeiss 20-T standard 

microscope, and a brightfield substage condenser such as that 
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found on a Zeiss 20-T standard microscope, all of which are 

readily available commercial components. A micro~cope filter 

cube (Leitz model I-2 preferred) is utilized with a band-pass 

filter having a preferred range of 450-490 nm, a dichroic mirror 

preferably with a transmission above 510 nm, and a long-pass 

barrier filter preferably with a transmission above 515 nm which 

are chosen to correspond to the absorption and emission 

frequencies of the chosen energy-activated cell-attack agent such 

as FITC. 

The second-energy form is provided by an epi-i11!Jlllination 

pathway through the microscope. This epi-illumination pathway 

has provisions for the positioning of a variable circular 

diaphragm, a fixed rectangular diaphragm (4.0 x 3.5 millimeter 

aperture preferred), and a neutral density filter carrier between 

the epi-illumination second-energy source and the microscope . 
filter cube to permit graded and known decreases in the amount of 

activation energy which impinges as a second-energy form at the 

cell micro-sample on the microscope stage. 

The first-energy form is provided by a transillumination 

pathway through the cell micro-sample. This transillumination 

pathway has provisions for the positioning of a circular field 

diaphragm {22 mm diameter aperture preferred), a circular field 

energy-limiter (7.5 mm diameter aperture prefer~ed), and a color 

filter (green preferred for red blood cells) between the 
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transillumination first-energy source and the substage microscope 

condenser to permit and control the amount of the first-energy 

form. which impinges at the cell micro-sample on the microscope 

stage. 

Microscope Calibration Procedure 

The present invention includes a new microscope energy­

calibration procedure to provide micro=sample exposures to 

specific amounts of frequency-specific energies which are 
.... 

quantitated as "energy power" multiplied by the "time~of energy 

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

the independent adjustments of the epi-illum.ination and 

transillumination energy pathways to give a specific energy power 

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

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

Bnergy power at any specific point in an energy path can be 

measured by any of several instruments (such as an EGG model 580 

radiometer). The preferred instrument for energy in the visible 

energy band is a model 61 United Technology (UT) Optometer which 

measures energy power in the electrical power equivalents of 

milliwatts. 

To begin calibration of the transillumination pathway, a 

glass microscope slide is covered with a -glass coverslip and is 

positioned on the stage of the microscope. The epi-illumination 
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pathway is blocked by closure of the variable circular diaphragm~ 

A~er adjustment of the objective lens to bring the glass slide 

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

field diaphragm of the transillUlld:nation pathway is adjusted to a 

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

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

diaphragm into focus. The x-y adjttstments of t~e substage 

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

field diaphragm in the microscope field-of-view. 

The power supply for the transillumination fir•t-energy .. 
pathway is adjusted to approximately 9.2 volts. The energy power 

I 

for this pathway is measured at the exit of the field energy-

limi.ter, and the field diaphragm is opened until the energy power 

at the exit of the energy-limiter plateaus to give a value of 

1.08 to 1.88 (1.48 preferred) milliwatts. If the plateau energy 

power is too high or too low at the energy-limiter, the voltage 

of the first-energy power supply should be adjusted. The energy 

power is then measured at the glass slide on the microscope 

stage, and the built-in diaphragm of the substage condenser is 

partially closed to give 0.044 to 0.052 (0.048 preferred) 

milliwatts of transillwidnated energy power at the glass slide. 

~o begin calibration of the epi-illumination second-energy 

pathway, a drop of fluorescein diacetate (l.O mg/ml 

concentration) is placed on a glass microscope slide and is 
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covered with a glass coverslip. The slide is placed in a sample 

carrier which is positioned on the stage of the microscope. The 

transillumination pathway is blocked by placement of an opaque 

filter on the field limiter. The variable circular diaphragm of 

the epi-illumination pathway is slightly opened to focus a 

f luoresaent image of a pin-hole in this diaphragm on the 

microscope-attached television camera tube. The diaphragm-holder 

adjustments are used to center the fluorescent image of this 

circular diaphragm in the television field-of-view. 

The circular diaphragm is then opened fully an~ ~he fixed 

rectangular diaphra-gm is inserted into its carrier in the epi­

illumination pathway. The holder adjustments for the rectangular 

diaphragm are adjusted to center the f luoresc~nt image of this 

rectangular diaphragm in the television field-of-view. The 

second-energy source adjust~nts in the source housing for the 

epi-illumination second-energy pathway are then used to produce 

an even fluorescence intensity across the television image of the 

rectangular diaphragm. The circular diaphragm of the epi­

illumination pathway is closed completely and then opened to the 

point where the rectangular diaphragm is ima~ed as a uniform 

fluorescent rectangular -area without any reflections of stray 

energy in the television field-of-view. 

~e energy power of the-epi-illumination second-energy 

pathway is measured at the focal plane of the objective lens 
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(which corresponds to the position of the coverslip in the sample 

carrier 0.n the microscope stage when that coverslip is in focus 

in the television field-of-view), and this energy power is 

adjusted to a value of 0.39 to 0.41 (0.40 preferred) milliwatts 

by partial closure of the diaphragm in the objective lens. (If 

the energy power is too low at this point, the epi-illumination 

second-energy source has aged and should be replaced.) 

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

in the epi-illUmination pathway to provide calibration of 
. ... 

qraduated decreases in the.epi-illumination second~energy power 

at the focal plane of the 0bjective lens. Nominal epi­

illumination second-energy power values are 0.30 - 0.32 

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

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

The amount of epi-illumination, which is the second-energy 

~orm used to energy-activate a cell-attack agent to rupture_cells 

in a micro-sample (described below) on the microscope stage, is 

quantitated as an energy density (~D) which equals epi­

illumination energy power at the micro-sample, multiplied by time 

of epi-illumination energy exposure, divided by the micro-sample 

area of epi-illumination energy exposure. For the above­

described equipment configuration and calibration procedure, the 

area of epi-illumination energy exposure is determined by the 

fixed rectangular diaphragm which has a projected image area of 

I 
·' J I 
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0.000175 cul- (140.91 µm x 124.24 µm) at the focal point of the 

~croscope objective lens. 

A. common unit for energy density is Joules/cm2 where one 

Joule equals the total energy that-is released in one second by a 

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

electrically equivalent to.one watt or 1000 milliwatts of power 

for one second). For the above-described calibration procedure, 

the epi-illumination energy power ,is measured as milliwatts (mw) 

by the UT Optometer, and epi-illumination exposure time is 

measured in 0.01 minute incr~ents by the time-date ... v~deo­

insertion generator. The following formula is used to convert 

these measured units into epi-illumination energy density (ED) 

for the second-energy form with units of J/cm2 (i.e. Joules .+ 

cm2): 

Energy Density = Power x time + area; or 

Joules/cm2 = Watts x Seconds + cm2; or 

ED (J/cm2 ) = (mw + 1000) x (minutes x 60) + (0.000175 cm2); or 

ED (J/c'lfl) = (342.86) x (mw) x (minutes) + 1 cm2• 

~e above-described calibration procedure gives the 

following epi-illumination energy densities (ED at the focal 

point of the microscope objective lens) which result from use of 

the preferred epi-illumination neutral density (ND) filters: 



o.o 
0.1 

0.3 

0.6 

POWER Cmwl 

0.40 

0.32 

0.20 

0.10 

ED (Joules/cm2l 

137.14 x exposure mins 

109.71 x exposure mins 

68.57 x exposure mins 

34.29 x exposure mins 

Typical epi-illumination second-energy exposure times. are 1 to io· 

minutes to give final gradations ~n the epi-illumination· energy 

density over a range of 34.29 to 1,371.40 J/cm.2 which provide 

gradations in the second-energy activation of the cell-attack .. 
agent to rupture cells as different:lysis rates in a microscopic 

area of a micro-sample on the microrcope stage. 

The 1ast step in microscope calibration is adjustment of the 

cam.era target-voltage when the cell micro-sample is first placed 

on the microscope stage. This adjustment qualitatively positions 

the camera target-voltage (baseline target current) at 

approximately the midpoint of the linear voltage range_of the 

camera to give a reasonable picture for the transilluminated 

first-energy image of the cell micro-sample. Quantitative 

measurement of this starting camera voltage is not required 

because subsequent changes in first-energy intensity at the 

camera target are measured as a percentage change in camera 

target current, which is independent of the starting target 

voltage·when that target voltage is in the linea,r voltage range 

of the camera. 
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-Cell Collection Procedure 

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

can be used for micro-lysis of red blood cells. The data in this 

patent report were obtained from standard venipuncture of the 

antecubital vein in awake humans and the.ear vein of awake New 

Zealand white rabbits (2.5-4 kg} to collect blood (typically 1-2 

ml) into sterile tubes which contained citrate to prevent 

clotting. 

Blood is stored in a 0-4°C refrigerator bef~re~preparation .,. 

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

procedures use only sterile disposable pipette tips, 
I 

microcentrifuge tubes, bottles, stoppers, and labware to prevent 

cell contamination and infection. 

Buffer Solution Preparation 

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/l Na2BP04 , 4 g/l glucose, and 5 g/l bovine 

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

blood pB) by addition of lN NaOB. The final osmolality of this 

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

solutions can be used1 however, glucose and albumin are necessary 

i~gredients to stabilize the cell preparation and to provide 
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restricted-permeability molecules for control of transcellular 

water movements which can otherwise affect the subsequent micro­

lysis process. Likewise, a final osmolality in the range of 295-

315 mOsm is critical since overall buffer solution osm.olality 

als~ affects the rapid phase of transcelluiar water movements 

across the cell membrane. 

The final step in buffer solution preparation is vacuum 

aspiration of the buffer solution through a sterile 0.2 micron 

Ralgene filter to remove any bacteria or other particulate 

contaminants. The filtered buffer solution .i;s allo6ated into 

sterile glass bottles (20 ml preferred) with rubber stoppers for 

subsequent cell-specimen preparation. 

Cell-attack Solution Preparation 

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

attack is specific to the type of cell tQ be analyzed, and there 

is more than one type of cell-attack agent which can be used for 

any one cell type. For example, phloxine B, eosin­

isothiocyanate, pheophorbide, and protoporphyrin have been used 

by others for photohemolysis of red blood cells in a relatively 

large-volume cuvette. The preferred cell-attack agent for micro-

1ysis of red blood cell membranes is f luorescein isothiocyanate 

(!'ITC) which is conjugated ~o a larger macromolecule (20,000 

dalton dextran preferred). FITC-dextran is preferred because it 
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does not enter the cell, and there is little blood absorption of 

the second-energy at the FITC-activation second-energy frequency 

of 480 nanomet~rs. Thus, the measured second-energy which is 

projected onto the micro-sample gives a precise amount of 

activated FITC as a cell-attack agent. 

~e FXTC-dextran is mixed with a 0.9% NaCl solution to give 

an FITC-dextran concentration of so mg/ml. In the subsequent 

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

micro-sample should be in the 2-8 mg/ml range to give the best 
... 

energy-activated cell-attack stimulus for micro-lysis~of red 

bleod cells. 

Cell Specimen Preparation 

Micro-lysis can be appiied to different types of cells, and 

the cell-separation part of the cell preparation procedure will 

depend on the cell type. The following describes the procedure 

for red blood cells. 

The refrigerated blood is inverted gently to mix the blood, 

and 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 

blood cells toward one end of the microhell'latocrit tube. The 
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length of the compacted red blood cells is then measured to give 

the hematocrit (% cells) of the diluted blood. 

The final cell-specimen is a combination of the diluted 

blood, the cell-attack agent FITC-dextran, a test chemical (if 

any), an4 the buffer solution to give a cell-specimen volume of 1 

ml with a composition of o.s to 6.0% red blood cells, 2.0 to 8.0 

mg/m.l FI'l'C-dextran, O to 10 mg/ml of the test chemical, and the 

remainder as buffer. As an illustration, a cell specimen with 4 

mg/ml of FITC-dextran (which is prepared to be a 50 mg/ml FITC 

solution as described above), 3% red blood cells (whi9h:comes 

from a diluted blood solution with 25% hematocrit), and 3 mg/ml 

of a test chemical (which comes as a 20 mg/ml solution) is 

obtained by mixing o.oa ml (calculated as •/50) of the FITC 

solution, 0.12 ml (calculated as 3/25) of the diluted blood, 0.15 

ml (calculated as 3/20) of the test chemical solution, and 0.65 

ml (calculated as 1.0 - o.oa - 0.12 -0.15) of the buffer 

solution. B~sed on this approach, individual ·or combinations of 

soluble materials or chemicals can be tested for an effect on 

cell respons~ to micro-lysis by a standardized energy-activated 

cell-attack procedure. · 

Cell Micro-SaD!J?le Preparation 

Any type of small volume (50 µl or less) chamber of 

transparent water-impervious material, such as plastic or glass, 
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can be used to give a cell micro-sample on the microscope stage. 

'he crucial aspect is a chamber and filling procedu~e that 

prevents inicro-sample loss of water (which would change the cell 

Jd.oro-aample constituent concentrations to alter the micro-lysis 

procedure). The following describes a simple new micro-sample 

preparation. 

A hemacytometer (Neubauer preferred) and cover slip are 

sterilized in alcohol and air•dri~d.. As a novel approach of the 

present invention, four Kerr absorbent points (dental cotton 
.... 

sticks for cavity preparations) are placed in a 0.9, JaCl 

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

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

with care to e~sure that no Kerr point touches the inside edge of 

the hemaoytometer trough (otherwise, the solution in the Kerr 

points would dilute the micro-sample constituent concentrations). 

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

•saturated" water vapor pressure to "replace" any potential loss 

of micro-sample water to the atmosphere by evaporation through 

the entrance of the hemacytometer chamber • 

.A small drop-dispenser is used to pick up a solution of 2.s 

g/1 globulin (made in distilled water), and this solution is 

applied to coat the coverslip rests of the hemacytometer. The 

ooverslip is placed on the hemaoytometer rests and is lightly 

tapped to seal the coverslip to the globulin-coated hemacytometer 
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rests. !'his is a novel approach of the present invention to 

reduce evaporation of water from the cell micro-sample. In the 

oustOlll8.%Y approach by others, the coverslip is placed on the 

hemacytometer rests without use of a sealant. Small 

irregularities in the "rests" leave small openings between the 

coverslip and the •rests." The use of a globulin solution in the 

present invention to seal these small openings is a novel 

approach to prevent evaporative water loss from the cell micro­

sample. 

'.fhe cell micro-sample solution is gently mixed4 by inversion . 
of the solution vial. A sterile transfer pipette is used to 

aspirate the cell micro-sampl~ solution from the vial and to 

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

hemacytometer/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 

tranaillumination first-energy 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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Micro-Lysis Cell-Attack Procedure 

'?he television-microscope images in the following procedure 

are video recorded for post-procedure analysis. (These images 

can 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 

recorded and hemacytometer temperature is kept at 23.5 to 24.5° c 

to minimize Brownian motion of the red blood cells in the cell 

micro-sample. The cells are brought to focus during a first-
~ 

ene~gy transillumination to give a control reading of "background 

fir$t-energy density" for the cell micro-sample. Then, the 

tr~sillumination pathway is closed by placing the opaque filter 

on the field limiter. 

The time-date video-insertion generator is reset to o.oo 
time (in minutes) and is started at the instant that the second­

ene.rgy epi-illumination pathway is opened (by removing an opaque 

filter from the epi-illumination pathway). The focus of the 

fluorescent image is ch~cked and readjusted if necessary. The 

second-energy epi-illumination is left on for the necessary time 

(1 to 10 minutes preferred) with a preselected neutral density 

filter in the epi-illumination pathway to give a desired level of 

cell-attack activation which is measured as an epi-illumination 

second-energy density in Joules/c~ (as described above in ~he 
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microscope calibration procedure). At the end of the cell-attack 

activation time, the epi-illuminati~n pathway is closed (by 

placing the opaque filter in the epi-illumination pathway}, and 

the first-energy transillumination pathway is opened (by removing 

the opaque filter on the field limiter) to give cell micro-sample 

images. These cell images are recorded until lysis (rupture of 

cells) has reached a maximum (less than 5 intact cells remaining 

in the rectangular epi-illumination area) or 60 minutes has 

elapsed, whichever occurs first. 

At this point, the hemacytometer cell micro-sample is . 
repositioned manually on the microscope stage to give another 

microscopic area of the micro-samp~e for application of another 

cell-attack activation in the second microscopic area. This 

procedure allows many measurements of micro-lysis at different 

cell-attack levels (epi-illtimination energy densities) on each 

cell micro-sample. Bemacytometer grid etchings are used to 

identify the location of each microscopic cell-attack area which 

prevents inadvertent overlap of cell-attack areas in multiple 

micro-lysis procedures on the same cell micro-sample. 

Micro Analysis 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, 
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transillumination with the first-energy source gives a relatively 

dark speckled-image of the micro-sample in the television field 

of view. The speckled nature of this image is caused by the 

presence of red blood cells which absorb at the first-energy 

frequency, as shown in Figure 22. 

This transillumination first-energy speckled-image area 

(which is 6 to 10 times larger than the epi-illumination second­

energy rectangular diaphragm area). is digitized (Image Technology 

digitizing board preferred) to give a digital image with 512 x 

512 pixels (1024 x 1024 would increase analysis pr~i~ion) with a 

digital value b~tween O and 255 to represent the energy intensity 

of each image pixel. The mean of ALL pixel values in this 

speckled first-energy image is calculated as a micro-sample 

.. background first-energy intensity (BFEI)" with a value between O 

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

As described above (section on Micro-Lysis Cell-Attack 

Procedure), the epi-illumination second-energy pathway is opened 

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

activate a cell-attack agent within the epi-illumination 

rectangular microscopic area on the cell micro-sample image. 

Then, the epi-illumination second-energy pathway is closed. 

Transilluminated first-energy images of the micro-sample are then 

digitized at 30-second intervals over the next 60 minutes (or 
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until there are 5 or fewer intact cells within the rectangular 

cell-attack area in the image). 

After exposure to the epi-illumination second-energy 

rectangular area of cell-attack activation, the Microscopic area 

of the cell micro-sample that was exposed becomes brighter and 

loses its speckled appearance as a function of time in the 

transilluminated first-energy image, as shown in Figure 22. This 

occurs because cells in the microscopic area of the second-energy 

activated cell-attack lose part or all of their contents and 

their membranes lose structural integrity as a micrb-lysis 
~ 

response to the second-energy activated cell-attack. 

:~he values of the transilluminated first-energy image pixels 

in the rectangular (approximately 60 x so pixels) microscopic 

cell-attack area are averaged, and this pixel average is compared 

in successive digitized images for 60 minutes or until this pixel 

average rises to a plateau value which does not change by more 

than± 1% for 3 minutes (6 images). The transillumination first­

energy image at 60 minutes, or the first transillumination micro­

sample image with a plateau for the average value of the first­

energy .µna.ge pixels in the rectangular microscopic cell-attack 

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

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

microscopic cell-attack area of the maximal cell-response image 

are averaged to define a digital value which represents an image 
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area with no intact cells (called the "total-lysis" first-energy 

intensity or TLFEI). 

The average value for all pixels in the rectangular cell­

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

for each digitized transilluminated first-energy micro-sample 

image. These Response-Area Energy Inten~ities (REI(t)) are 

converted to relative Response-Area Optical Densities (Response 

OD(t)) by the following formula: 

... 
Response OD(t) = lOO(TLFEI - REI(t))/(TLFEI - BF~I), where 

TLFEI is the total-lysis first-energy intensity in the 

microscopic cell-attack area of the transilluminated micro-sample 

image, BFEI is the background first-energy intensity for the 

entire transilluminated micro-sample image, and REI(t) is the 

response first-energy intensity as a function of time in the 

microscopic cell-attack area of the transilluminated micro-sample 

image. The quantity (TLFEI - BFEI) represents the range of the 

average light intensity for the entire transilluminated first­

energy micro-sample image. The zero-time average energy 

intensity of the rectangular microscopic area before cell-attack 

(REI(O)) can be larger or smaller than the average bac~ground 

first-energy intensity (BFEI) for the entire transilluminated 

first-energy micro-sample image. Thus, the zero-time Response­

Area OD(O) can be larger or smaller than 100% of the optical 
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density range for the entire transilluminated first-energy micro­

sample image• The average Response-Area Energy Intensity in the 

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

total-lysis first-energy intensity (TLFEI) because some intact 

cells can remain in the rectangular area of the maximal response 

image. ~hus, the minimum plateau Response-Area OD can be larger 

than zero. 

Figures 1 and 2 show the first-energy 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 

second-energy cell-attack activation (expressed as Joules per 

centimeter squared). A second-energy cell-attack activation of 

245 J/cm2 gives a Response-Area OD which decreases from a zero­

time value of 105% to a minimum plateau value of 18% at 46 

minutes after the beginning.of the cell-attack activation (Figure 

1). A higher level of cell-attack activation of 401 J/cm2 gives 

a Response-Area OD which decreases from 102% to 6% at 31 minutes 

after the beginning of cell-attack activation (Figure 1), while 

an even greater cell-attack activation of 638 J/cm2 gives a 

Response-Area OD which decreases from a zero-time value of 91% to 

a minimum plateau value of 3% at 37 minutes after the beginning 

of cell-attack activation (Figure 2). These data show that 

changes in second-energy cell-attack activation alter the time­

dependent first-energy Response-Area OD curve by affecting the 

magnitude of the maximal OD change, the slope of the Response-
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Area OD curve, and the time to the half-maximal change in 

Response-Area OD. 

The variation in zero-time first-energy Response-Area OD 

occurs before application of the second-energy cell-attack 

activation and adds statistical variation to the time-dependent 

first-energy Response-Area OD curve that is produced by the 

second-energy cell-attack activation. To remove the effect of 

this attack-unrelated variation in' zero-time first-energy 

Response-Area OD, the following three7step normalization 

procedure is performed as illustrated in Figure 3 1 wherein: 
f 

1) The Maximal Micro-Lysis 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. 

2) The Percent Maximal Response (MR%) is calculated as 100 

times the Maximal Micro-Lysis 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 Micro-Lysis Response (MR); 

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



• • 

47 

THIS SHEET HAS BEEN 
AdPL..e.CEI) 

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

number of cells which are eventually ruptured in the rectangular 

microscopic area that was exposed to the second-energy cell­

attack activation. The % Response (t) is a measure of the number 

of cells which have ruptured as of t.ime t in the rectangular 

micr9$copic area that was exposed to the second-energy cell­

attack activation, and is expressed as a percentage of the number 

of cells that are eventually ruptured. 

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

generated by application of the above formulas to the, three 

Response-~ea 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 activation, irrespective of the 

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

These normalized data show that changes in cell-attack activation 

alter the time-dependent % Response curves by changing the 

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

curves. 

Moreover, Figure 5 repeats the % Response curve (open 

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

activation to quantitate precise changes in cell response to 

specific levels of second-energy cell-attack activation by 

defining: 
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1) the response half-time (T112 ) as the period from the 

beginning of second-energy cell-attack activation to 

the time of the 50-percent response value, and 

2) the 1-argest slope of the % Response curve as the Slope 

at time t = T112 • 

T112 is a measure of average cell sensitivity to membrane rupture 

by the second-energy cell-attack activation. The largest slope 

is a measure of the fastest rate of cell membrane rupture at any 

time after the beginning of the cell-attack activation. This 

slope provides an index of the "population variation" in 

individual cell sensitivity to membrane rupture by-\h~ cell­

attack activation. For example, a population'of homogeneous 

cells, each with exactly the same cell-sensitivity to membrane 

rupture (i.e. same cell fragility), would give a "step" % 

Response curve with a zero-value until time equal to T112, and a 

100% value after time equal to T112 • In contrast, a very 

heterogeneous population of cells, some with very low sensitivity 

and some with very high sensitivity and some throughout the range 

from very low to very high sensitivity to membrane rupture, would 

give a % Response curve with a shallow slope beginning shortly 

after the beginning of the second-energy cell-attack activation 

and reaching a 100% value at a time much after the T
112 

value. 

The Slope of the % Response curve at time equal to T
112 

can 

be obtained in several ways. For example, the value of the first 

derivative of a polynomial curve-fit to the % Response curve at 



• • 
ii 
1

1 j :- : :'.:·_·! ·:.'.:- :i·:.:~: ·: ,· -.. 
i . " - .. ,.-
• I ·~ ..,.· i.• . . ) 

ll :-~-- .:.=--~· '.·. .. . - --. . .. 

49 

time equal T1/Z would give the slope value of the % Response curve 

at time equal to T1/Z. The following gives a slmple method for 

calculation of the Slope of the % Response curve at time equal to 

1) T70 is defined as the period (in minutes) from the 

beginning of the cell-attack activation to the time 

when the % Response equals 70%. 

2) T30 is defined as the period (in minutes) from the 

beginning of the cell-attack activation to the time 

when the % Response equals 30%. 

3) Slope at T112 is defined as 70% minus 30%,.
4

t!J.at quantity 

divided by the quantity, T70 minus T30, with units of 

% Change in Response per Minute (abbreviated as %/MIN}; 

i.e. Slope at T1/Z (%/MIN) - (70 - 30)/(T70 - T30). 

This simple method is reasonably accurate because all % Response 

curves range from 0% to 100% in ordinate value, and all 

% Response curves are approximately linear in the 30% to 70% 

response range, such as the curve in Figure 5 for example. 

Micro-Lysis of Animal Cells 

Figure 6 shows the first-energy % Response curves (mean ± 

SEM) on day 1 at 7 nours (circles), day 2 (squares), day 3 

(triangles), day 4 (diamonds), and day 5 (invertesi triangles) 

after collection of red blood cells from four rabbits. The 

micro-sample composition was a 4% red blood cell concentration 
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and 2 mg/ml of the cell-attack agent FITC-dextran (150,000 

daltons), and the second-energy cell-attack activation was 210 

J/cm2 for all curves. The first-energy % Response curves are 

identidal to each other when micro-lysis is conducted on cell 

micro-samples from 7 hours to 5 days after blood collection from 

rabbits. The % Response curve is shifted to the left of the 

curves in Figure 6 when micro-lysis is conducted on cell micro­

samples during the first 6 hours after blood collection from 

rabbits. 

Figure 7 shows first-energy% Response curves·"tmean ± SEM) .. 
i 

for the effect of second-energy cell-attack activation of 105 

Joules/a~ (open squares}, 126 Joules/cm2 (filled squares), 159 

Joules/cm2 (open triangles), 168 J/crtl- (filled t~iangles), 210 

J/cnl- (open diamonds), and 210 J/crtl- (filled diamonds) on rabbit 

(N = 3) red blood cells with micro-sample composition of 4% 

hematocrit and 2 mg/ml of the cell-attack agent FITC-dextran 

(150 1 000 daltons). The second-energy cell-attack activations for 

the open symbols were achieved by lower epi-illumination power 

densities for 10 minutes of second-energy exposure., while the 

cell-attack activations for the filled symbols were achieved by 

higher epi-illumination power densities for 8 minutes of second-

energy exposure. The % Response curve for a lower epi­

illumination power density at a longer second-energy exposure 

time (open symbols) is the same as that for a higher second­

energy power density at a shorter second-energy exposure time 
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(filled symbols) when the two respective, power density 

multiplied by exposure time quantities, give the same energy 

d~nsities to represent equivalent second-energy cell-attack 

activations. This observation remains true for any second-energy 

density, provided that the second-energy 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 second-energy cell-attack activation. The % 

Response curves for rabbit red blood cells are also different for 

different micro-sample concentrations of the cell-attack agent 
. . ... 

FITC-dextran when the FITC-dextran concentration is below a .. 
critical value of 2.0 mg/ml. 

Figure 8 shows the first-energy % 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 of the cell-attack agent FITC-dextran 

(.150 1 000 daltons) and received a cell-attack activation of 210 

J/crt/-. 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 micro-lysis 

measurement of cell sensitivity to membrane rupture by second­

energy cell-attack activation. 
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Figure 9 shows the first-energy % Response curves (mean ± 

SBM) for rabbit (N = 3) red blood cells that had been separated 

from whole blood (circles) and for red blood cells in whole blood 

that contained plasma and other cells such as platelets and white 

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

blood cell concentration and 2 mg/ml of the cell-attack agent 

FITC-dextran (150,000 daltons). These data demonstrate that the 

first-energy % 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 

micro-lysis procedure can be applied to whole blood·s~ples, 

without the need for careful separation of red blood cells. 

Figure 10 shows the first-energy % Response curves (mean ± 

SEM) for micro-lysis 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 the cell-attack agent FITC­

dextran (diamonds), .and on day 5 after the red blood cells had 

been washed and then reconstituted with buffer but not the cell-

attack agent FITC-dextran (squares). Micro-sample composition 

was buffer, 2 mg/ml of FITC-dextran (150,000 daltons), and a 4% 

red blood cell concentration, and the cell-attack activation was 

198 Joules/cm.2• Cells that were washed on day 5 and 

reconstituted without the cell-attack agent (FITC-dextran) did 

not hemolyze when exposed to the second-energy cell-attack 

activation. Washed cells reconstituted with the original cell-
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attack agent (FITC-dextran) had the same micro-lysis response as 

unwashed cells on day five, thus showing that the washed cells 

could still be affected by the second-energy cell-attack 

activation but only in the presence of the cell attack agent 

(FITC-dextran). Thus, Figure 10 shows that the presence of a 

cell-attack agent is necessary for the micro-lysis process and 

that other factors like beat from the second-energy source do not 

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

large molecular weight neutral de~tran that does not even 

traverse endothelial gaps between two cells under non-inf lamed 

conditions. 
... . 

Since washed red blood cells were unresp9nsive, the 

data in Figure 10 demonstrate that the micro-lysis response is 

not the result of a non-specific second-energy interaction with ' 

an intracellular or even intramembrane-bound chemical. The 

micro-lysis process with FITC-dextran as the cell-attack agent 

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

outside of the cell membrane with subsequent rupture of the cell 

membrane. 

Figure 11 shows the first-energy % Response curves (mean ± 

SEM) for micro-lysis 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 

without albumin and glucose (circles). All micro-samples 

contained 2 mg/ml of the cell-attack agent FITC-dextran (150,000 
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daltons) and a 4% concentration of red blood cells, and were 

exposed to a cell-attack activation of 180 J/c'Ili (right panel) 

and 90 J/cm2 (left panel). The% Response curves for rabbit red 

blood qells are not altered by removal of albumin from the cell 

micro•sample. According to scientific literature, removal of 

albwnin changes the shape (deformability) of the red blood cell. 

Thus, these data show that the micro-lysis process measures cell 

characteristics other than those that depend solely on cell shape 

(i.e. deformability). The% Response curves are shifted to the 

left to reflect greater cell sensitivity to a standardized cell­

attack activation when glucose is removed from the -·~ell micro-. 
sample. Cells are very susceptible (an increased Slope and 

decreased T112 ) even to a very low cell-attack activation when 

glucose is absent as illustrated in the left panel of Figure 11~ 

According to scientific literature, glucose is necessary for 

cells to maintain their internal ATP (adenosine triphosphate) 

leyels, and ATP is required for cell metabolism to maintain the 

structure of the cell membrane. ~hus, these data show that the 

micro-lysis process can detect a reduction in cell membrane 

ability to maintain the structural integrity of the cell membrane 

(i •. e. a change in cell fragility). 

Figure 12 shows the first-energy % Response curves (mean ± 

SEM) for micro-lysis of rabbit (N = 6) cell micro-samples that 

contained 2 mg/ml of the cell-attack agent FITC-dextran (150,000 

daltons), standard buffer, and a 4% concentration of red blood 
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cells which had been previously incubated for one hour with the 

test chemical diamide at a concentration of 5.0 milliMolar 

(diamonds), o.s mM (squares), o.os mM (circles), or o.oo mM 

(filled trianqles), with cell-attack activations of 180 J/cm2 

(right panel) and 90 J/c~ (left panel). The first-enerqy % 

Response curves for rabbit red blood cells are shifted to the 

left to reflect greater cell sensitivity to a second-energy cell­

attack activation when the micro-sample contains cells that have 

been previously incubated for one.hour with the test chemical 

diamide. These diamide-incubated cells have enhanced 

susceptibility (increased Slope and decreased T112 ) lo ~a very low 

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

12. Accordinq to scientific lite~ature, diamide is a chemical 

which oxidizes the sulfhydryl qroups of proteins in the cell 

membrane to increase the cross-linking of spectrin which disturbs 

the protein layers of the cell membrane to increase cell membrane 

fragility. Thus, these data show that the micro-lysis 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 first-energy % Response curves (mean ± 

SEM) for micro-lysis of rabbit (N = 5) cell micro-samples that 

contained 2 mg/ml of the cell-attack agent FITC-dextran (150,000 

daltons), standard buffer, and a 4% concentration of red blood 

cells which had been previously incubated for 20 minutes with the 

test anesthetic Chlorpromazine at a microMolar concentration of 
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100 µM (circles), 30 µM (diamonds), 10 µM (squares), and O µM 

(filled triangles), with cell-attack activations of 180 J/cm2 

(right panel) and 90 J/cm2 (left panel). The first-energy% 

Response curves for rabbit red blood cells are shifted to the 

left to reflect greater cell sensitivity to a second-energy cell­

attack activation when the micro-sample contains cells that have 

been previously incubated for 20 minutes with the test anesthetic 

chlorpromazine. These chlorpromazine-incubated cells are also 

more susceptible (decreased T112 but DQ change in Slope) to very 

low levels of cell-attack activation as illustrated in the left 

panel of Fiqure 13. Accordinq to scientific literature, .. 
chlorpromazine, in th~ concentrations used here, primarily 

produces stomatocyte formation through an effect'of 

chlorpromazine to alter the arrangement of the l~pid bilayer in 

the cell membrane with less effect on the protein layers in the 

cell membrane. ~hus, these.data show that the micro~lysis 

process can detect an increase in cell membrane fragility which 

results primarily from a disturbance to the lipid layers of the 

cell membrane. 

Figure 14 shows the first-energy % Response curves (mean ± 

SEM) for micro-lysis of rabbit (N = 6) cell micro-samples that 

contained 2 mg/ml. of the cell-attack aqent FITC-dextran (150,000 

daltons), standard buffer, and a 4% concentration of red blood 

cells which had been previously incubated for one hour with a 

test chemical glutaraldehyde at a concentration of 0.02% (circles 
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with dashed line}, 0.01% (diamonds), 0.005% (triangles), 0.0025% 

(squar~s with dashed line), 0.00125% (circles), and 0.000% 

(filled triangles), with a cell-attack activation of 180 J/c~. 

~e first-energy % Response curves for rabbit red blood cells are 

shifted to the right with increased T112 and decreased Slope to 

reflect less cell sensitivity to cell-attack activation when the 

micro-sample contains cells that have been previously incubated 

for one hour with a 0.01% or greater solution of the test 

chemical qlutaraldehyde. According to scientific literature, 

glutaraldehyde decreases membrane fragility (i.e. a less 

breakable cell) and increases membrane rigidity (i;~. a less 
~ 

deformable cell). Chlorpromazine increases membrane fragility 
I 

(i.e. more _breakable) without any reported change in membrane 

rigidity (i.e. unchanged deformability). Diamide increases 

membrane fragility (i.e. more breakable) and increases membrane 

riqidity (i.e. less deformable}. Thus, comparison of the effect 

of these three test chemicals as shown in Figures 12, 13, and 14 

demonstrates that the micro-lysis process measures changes in 

cell membrane fragility rather than simply cell membrane 

riqidity, and that the micro-lysis process can distinguish 

between a change in membrane fragility due to altered lipid 

layers and a change due to altered protein layers. 

A streptozoticin-injected laboratory rat is a widely-used 

animal model of human insulin-dependent diabetes with elevated 

b~ood sugar (hyperglycemia) and glucose spill-over into the 
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urine. Diet manipulation of a laboratory rat is a known animal 

model of human hypercholesterolemia. Figure 15 shows the Percent 

Maximal Response (MR%) , the T112, and the Slope values of the 

first-energy % Response curves for micro-lysis of red blood cells 

from 5 normal control Sprague-Dawley laboratory rats (C) at 

second-energy activations of 248 ± 3.6 J/cm2, 3 streptozoticin­

induaed. insulin-dependent diabetic Sprague-Dawley rats (D) at 

second-energy activations of 245 ± 4.1 J/cm2, and 6 diet-induced 

hypercholesterolemic Sprague-Dawley rats (B) at second-energy 

activations of 249 :t 2.·1 J/cm2 • All cell micro-samples had a 
. ~ 

composition of 4 mq/ml of the cell-attack agent FITC-dextran 
# 

(20,000 daltons), standard buffe~, and a 3% concentration of red 
I 

blood cells. The first-energy % Response curves for red blood 

cells from normal rats, diabetic rats, and hypercholesterolemic 

rats have similar Maximal Responses to the micro-lysis process. 
. . 

Red blood cells from the hypercholesterolemic rats have normal 

T112 and Slope values. Cells from the diabetic rats have 

significantly longer T112 and lower Slope values to indicate a 

substantial reduction in cell membrane fragility for the diabetic 

animals. These data demonstrate that the micro-lysis process can 

detect diseases (such as diabetes) which are thought to alter ion 

pumps (such as the calcium pumps) in the cell membrane. 
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Figure 16 shows the Percent Maximal Response (MR%) and the 

~1/Z and Slope values of the first-energy % Response curves for 

micro-lysis of 0.5% to 3.0% concentrations of human (N = 3) red 

blood cells in micro-samples that contained 4 mg/ml of the cell­

attack agent FITC-dextran (20,000 daltons). One subject received 

a cell-attack activ~tion of 549 ± 0.3 J/cm2, the second subject 

received 340 ± 1.1 J/cnil, and the third subject received 198 ± 

1.3 J/cm2 for all five cell concentrations. Micro-lysis of red 
• h ..... 1 blood cells from humans gives t e same Percent MaXima Responses 

~ 

for micro-sample cell concentrations in the 1.0% to 3.0% range, 

the sake T112 values for cell concentrations in the 0.5% to 2. 0% 

range,: and the same % Response curve Slopes for cell 

conc~ntrations in the 0.5% to 3% range as shown in Figure 16. 

Micro-lysis of red blood ceils from rabbits gives the same first­

energy % Response curves for micro-sample cell concentrations in 

the 3% to 5% range as illustrated in Figure 8. These data 

indicate that the micro-lysis process is relatively insensitive 

to variations in cell concentrations within specific but 

different concentration ranges for animals and humans. 

According to scientific literature, pentoxifylline, a 

therapeutic drug which increases peripheral blood flow in several 

human pathologies, increases the "flexibility" of cell membranes 

to permit easier passage of red blood cells through blood 
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vessels; yet, pentoxifylline does not simply alter cell membrane 

rigidity (cell deformability). Figure 17 shows the Percent 

Maximal Respo~se (MR%) artd the T1fi and Slope values of the first­

energy % Response curves for mioro-lysis of human (N = 5) cell 

micro-samples that contained 4 mg/ml of the cell-attack agent 

Frrc-dextran (20,000 daltons) and a 1% concentration of red blood 

cells Which had been previously incubated at 4° C FOR ONE HOUR 

with the therapeutic drug pentoxifylline (PTFX) at concentrations 

of 10 milliMolar (filled bars}, 1 mM (striped bars), and O mM 

{clear bars). One subject received a second-energy cell-attack 
... 

activation of 658 ± 6.6 J/cri, three subjects received 329 ± 1.9 .,. 

J/cm.2, and one subject received 196 ± 0.7 J/cm2 for all three 

pentoxifylline conce~trations. Figure 18 shows the Percent 

Ma]Cimal Response (MR%) and the T112 and Slope values of the first­

energy % Response curves for micro-lysis of human (N = 5) cell 

micro-samples that contained 4 mg/ml of the cell-attack agent 

FITC-dextran (20,000 daltons) and a 1% concentration of red blood 

cells whi~h had been previously incubated at 4° C FOR TWENTY-FOUR 

HOURS with the therapeutic drug pentoxifylline (PTFX) at 

concentrations of 10 milliMolar (filled bars), 1 DIM (striped 

bars), and O mM (clear bars). One of these subjects received a 

second-energy cell-attack activation of 641 ± 3.3 J/cnl, three 

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

0.1 J/c"lt for all three pentoxifylline concentrations. 

Xncubation of human red blood cells with pentoxifylline for one 

hour alters the micro-lysis response of those cells. As the 
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pentoxifylline concentration is increased, there is a progressive 

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

increase in T1/2., and a decrease in the Slope of the micro-lysis % 

Response curves as illustrated in Figure 17. With 2~-hour 

pentoxifylline incubation of red blood cells as shown in Figure 

18, the decrease in the Percent Maximal Re~ponse is lost, and the 

decrease in Slope is partially lost, but the dose-dependent 

increase in T112 is still present. These data demonstrate that 

the micro-lysis process is sensitive to drug-induced alterations 

in human cell membranes as a function of time after drug 

treatment, and that micro-lysis can distinguish betieen drug-. 
I 

treated and non-treated human cells. 

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

T112 and Slope values of the first-energy % Response curves at 

second-energy cell-attack activations of A= 243 ± 2.9 J/cm2 

(clear bars), B = 400 ± 3.6 J/crc?- (striped bars), and C = 642 ± 

4.0 J/cnl- (filled bars) for micro-lysis 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 of the cell-attack agent FITC-dextran (20,000 

d.altons), a 3% concentration of red blood cells, and buffer. 

Figure 20 shows the Percent Maximal Response (MR%) and the T112 

and Slope values of the first-energy % Response curves at second­

energy cell-attack activations of A = 247 ± 1.1 J/cm2 (·clear 

bars), B = 395 t s.s J/cn!- (striped bars), and c = 643 ± 4.0 
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J/cm.2 (filled b~s) for micro-lysis 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 of the cell-attack agent FITC­

dextran (20,000 daltons.), a 3% concentration of red blood cells, 

and buffer. Normal red blood cells from humans without sickle-

cell disease as illustrated in the -left panel of Figure 19 show 

an eventual 88 to 95·% cell rupture (Percent Maximal Response, 

MR•) after exposure to cell-attack'activations across a broad 

range from 240 J/cm2 to 660 J/cm2 • These normal human cells have 

micro-lysis % Response curves with a progressively ~e?reasing T112 

and a progressively increasing Slope as the second-energy cell-
1 

attack activation is increased as shown in Figure 19. In 

aontra*t, red blood cells from humans with sickle-cell disease 

have a substantially reduced Percent Maximal Response (with a 

peak at·an intermediate cell-attack activation level), a 

significantly elevated T112 which is not a function of the cell­

attack activation level, and a substantially reduced Slope as is 

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

demonstrate that the micro-lysis process is sensitive to 

patholoqic alterations in human cell membranes, and that micro­

lysis provides multiple parameters for detection of human 

diseases that alter cells. 

Figure 21 shows the Percent Maximal Response (MR%) and the 

T112 and Slope values of the first-energy % Response curves at 



. ' 

- 63 

second-energy cell-attack activations 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 micro-lysis 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 of the cell-attack agent FITC­

dextra,n (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 T112 , and a normal 

Slope at lower cell-attack activations but a reduced Slope at the 
# 

higher cell-attack adtivation as is evident in a comparison of 

Figure 21 to Figure 19. These data show that the micro-lysis 

process is sensitive to combinations of pathologic alterations in 

human cell membranes. Also these data demonstrate that multiple 

parameters of the micro-lysis 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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Claim 1. A micro lysis-analysis process for measuring the strength of a cell 

membrane comprising the steps of: 

applying precise quantities of a focused first-energy of a first-selected energy frequency 

and density to a precise microscopic area of a ce~l micro-sample containing test cells providing 

a baseline measurement of first-energy transmission as a relative measure of the initial number 

of intact cells in said precise microscopic area of said cell micro-sample; 

applying a focused second-energy of second-selected energy frequency and density to 

said cell micro-sample thereby activating an energy-activated cell-attack agent in contact with 

said test cells exposed to said focused first-energy of a first-selected energy frequency and 

density, said energy-activated cell-attack agent attacking the cell membranes of said test cells 

in said precise microscopic area of said cell micro-sample; and. 

reapplying precise quantities of said focused first-energy of a first-selected energy 

frequency and density to said precise microscopic area of said cell micro-sample containing 

said test cells in contact with said energy-activated cell-attack agent producing an energy­

activated cell-attack providing a quantitative, time-related, energy-dose dependent measure of 

cell 

11111111 llllll lllllllll II IHf 
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fragility for measuring as a function of time the precise degree 

of cell rupture. 

Claim 2. A micro lysis-analysis process for measuring the 

strength of a cell membrane comprising the steps of: 

applying precise quantities of a focused first-light of a 

first-selected light frequency and density to a precise 

microscopic area of a cell micro-sample containing test cells 

providing a baseline measurement of light transmission as a 

relative measure of the initial number o·f intact cells in said 

precise microscopic area of said cell micro-sample;~ ~ 

applying a focused second-light of second-selected light 

frequency and density to said cell micro-sample thereby photo­

activating a light-activated cell-attack agent in contact with 

said test cells exposed to said focused first-light of a first­

selected light frequency antt density, said light-activated cell­

attack agent attacking the cell membranes of said test cells in 

said precise microscopic area of said cell micro-sample; and 

reapplying precise quantities of said focused first-light of 

a first-selected light frequency and density to said precise 

microscopic area of said cell micro-sample containing said test 

cells in contact with said light-activated cell-attack agent 

producing a light-activated cell-attack providing a quantitative, 

time-related, light-dose dependent measure of cell fragility for 

measuring as a function of time the precise degree of cell 

rupture. 

\111\11\ \1\111 HI\! 11111 \l \lit 
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A micro lysis-analysis process for measuring the 

strength of a ~ell membrane applying precise quantities of a 

focused first-energy of selected frequency and energy density to 

a precise microscopic area of a cell micro-sample containing test 

cells for measuring as a function of time the precise degree of 

cell rupture, before and after applying a focused second-energy 

of second selected frequency and energy density to said cell 

:micro-sample thereby activating an energy-activated cell-attack 

agent for attacking cell membranes.in said microscopic area of 

energy-activated cell-attack providing a quantitative, time­

related, energy-dose dependent measure of cell fragility, 

comprising the steps of: 

suspending test cells whose membrane strength are to be 

measured in a physiologic salt solution of selected osmolality 

forming a cell-containing solution1 

adding an inactive energy-activated cell-attack agent to 

said cell-containing solution, said.inactive cell-attack agent 

comprising molecules absorbing energy in a known range o~ 

excitation frequencies producing a cell-attack solution; 

preparing a micro-sample of said cell-attack solution 

containing said test cells; 

identifying a localized microscopic area within said micro­

sample of said cell-attack solution; 

applying a specific amount of focused first-energy of 

selected frequency in the cell absorption range to said micro­

sample of said cell-attack solution, exposing said cell(s) in 

\ \11\11\ \1\1\l lllll \\Ill \' \I" 
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said cell-attack chemical solution to said focused first-energy 

for a selected period of time for determining light absorption by 

intact test cells in said localized microscopic area of said 

micro-sample at any time period; 

de~ermining the energy absorption and number of intact test 

cells in said iocalized microscopic area by measuring the amount 

of said focused first-energy passing through said test cells in 

said micro-sample of said cell-attack solution in said localized 

microscopic area of said micro-sample; 

applying a specific amount of focused second-energy of 

selected second-frequency in the cell-attack agent 1b~orption 

range for a selected time in a selected time interval at a 

selected different frequency than said focused first-energy, said 

focused second-energy activating said cell-attack agent in said 

cell-attack solution forming· a cell-reacting medium; 

reacting said cell-reacting medium containing said test 

c.ells 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 focused first-energy 

by said test cells in said localized microscopic area; and 

analyzing the strength of said cell membranes quantitatively 

by comparing the amount of said focused first-energy passing 

through said test cells in said micro-sample after micro-sample 

exposure to said focused second-energy, with the amount of said 

focused first-energy passing through said test cell(s) in said 

micro-sample before micro-sample exposure to said focused second-
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energy for determining absorption of s~id f irst-~nergy by 

remaining intact test cells in said localized microscopic area of 

said cell micro-sample at selected time intervals. 

Claim 4. The micro lysis-analysis process for measuring the 

strength of a cell membrane as claimed in Claim 3, wherein said 

analyzing step comprises comparing the starting number of test 

cells with the maxi.mum number of test cells ruptured, the time to 

reach rupture of 1/2 of the maximum number of test cells to be 

ruptured, and the maximum rate of cell rupture during said 

selected time intervals. 

Claim 5. The micro lysis-analysis process for measuring the 

strength of a cell membrane as claimed in Claim 3, wherein said 

analyzing step comprises comparing the starting number of test 

cells with the maximum number of test cells ruptured, the time to 

reach rupture of 1/2 of the maximum number of test cells to be 

ruptured, and the maximum rate of cell rupture~ 

Claim 6. The micro lysis-analysis process for measuring the 

strength of a cell membrane as claimed in Claim 3, including the 

step of selecting said test cells from the group consisting of 

red cells, white cells, platelets, or mixture thereof. 

Claim 7. The micro lysis-analysis process for measuring the 

strength of a cell membrane as claimed in Claim 3, including the 

\ \l\11\ \\\I\ 11\I\\ \Ill; 
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step Of SUSpending test cells whose membrane strenqth is to be 

measured in a physiologic solution of selected osmolality ranging 

from about 295 to about 315 milliosmoles forming a cell­

oontaining solution. 

Claim 8. The micro lysis-analysis process for measuring the 

strength of a cell membrane as claimed in Claim 3, including the 

step of applying said focused first-energy in time intervals 

ranging from about 2 minutes to about 60 minutes. 

Claim 9. The micro lysis-analysis process for~measuring the 
~ 

strength of a cell membrane as claimed in Claim 3, including the 

step of applying said focused second-energy in time intervals 

ranging from about 1 minute to about 1 O minutes. 

Claim 10. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, including 

the step of applying and measuring the amount of said focused · 

first-energy passing through said micro-sample at 30-second time 

intervals over a 60-minute period or until there are five or 

fewer intact test cells within said localized microscopic area of 

said cell micro-sample. 

Claim 11. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, including 
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the step of preparing a micro-sample of about 25 microliters (µl) 

of said cell-attack solution. 

Claim 12. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, including 

the step of applying a focused second-energy at a selected 

different wavelength to activate said inactive cell-attack agent 

producing said cell-attack activation in said cell-attack 

solution from about 1 minute to about 10 minutes depending on the 

particular inactive cell-attack agent selected. 
. .. 

Claim 13. The micro lysis-analysis process for measuring the 

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

including the step of selecting said energy-activated cell-att~ck 

agent specific to the type of cell to be analyzed. 

Claim 14. The micro lysis-analysis process for measuring the 

strength of a cell membrane as cl~imed in Claim 3, further 

including the step of selecting said energy-activated cell-attack 

agent from the group consisting of phloxine B, eosin­

isothiocyanate, pheophorbide, protoporphyrin, fluorescein 

.isothiocyanate, fluorescein isothiocyanate dextran, and 

combinations thereof. 

Claim 15. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, further 
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including the step of adding a test chemical to said cell­

aontaining solution providing test-chemical· induced alterations 

i~ cell membranes for determining the effect of said test 

chemical on cell response to micro-lysis by applying a 

standardized energy-activated cell-attack agent and 

distinguishing between test-chemical treated and nontreated cells 

as a function of time after test-chemical treatment. 

Claim 16. The micro lysis-an~lysis process for measuring 

the strength of a cell membrane as claimed in Claim 3 1 comprising 

the step of adding a test substance to said cell-cohtaining 
~ 

solution providing test-substance induced alterations in cell 

membranes for determining the effect of said test substance on 

cell response to micro-lysis by applying a standardized energy­

acti vated cell-attack agent and distinguishing between te.st­

substance treated and nontreated cells as a function of time 

after test-substance treatment, said test substance being 

selected from the group consisting of glutaraldehyde, albumin, 

chlorpromazine, diamide, glucose, albumin, and pentoxyifylline. 

Claim 17. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 15, wherein 

said test chemical is an intracellular-bound specific test 

chemical. 

t llltll 11~-IHllUUBt 
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Claim 18. The micro lysis-analysis process for measuring 

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

including the step of adding the test chemical diamide to said 

cell-containing solution for oxidizing the sulfhydryl groups of 

proteins in the cell membrane to increase membrane fragility and 

for increasing the cross-linking of spectrin to disrupt cell 

membrane integrity by increasing cell membrane rigidity inducing 

alterations in cell membranes for determining the effect of said 

test chemical diamide on cell response to micro~lysis by applying 

a standardized energy-activated cell-attack agent and 
... 

distinguishing between diamide-treated and nontreated;cells as a 

function of time after diamide treatment. 

Claim 19. The micro lysis-analysis process for measuring 

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

including the step of adding the test anesthetic chlorpromazine 

to said cell-containing solution producing stomatocytes and 

altering the lipid.bilayer of said cell membranes to disrupt cell 

membrane integrity by increasing cell membrane fragility without 

any change in rigidity of said cell membrane inducing alterations 

in cell membranes for determining the effect of said test 

anesthetic chlorpromazine on cell response to micro-lysis by 

applying a standardized energy-activated cell-attack agent and 

distinguishing between chlorpromazine-treated and nontreated 

cells as a function of time after chlorpromazine treatment. 



.. & I 

74 

Claim 20. The micro lysis-analysis process for measuring 

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

including the step of adding the test chemical glutaraldehyde to 

said cell-containing solution decreasing membrane fragility and 

increasing membrane rigidity of said cell membrane inducing 

alterations in cell membranes for determining the effect of said 

test chemical glutaraldehyde on cell response to micro-lysis by 

applying a standardized energy-activated cell-attack agent and 

distinguishing between glutaraldehyde-treated and nontreated 

cells as a function of time after glutaraldehyde treatment • 
.... 

Clai?D. 21. The micro lysis-analysis process for measuring 
j 

the strength of a cell membrane as.claimed in Claim 16, further 

including the step of comparing the effect of adding at le~st one 

test substance to said cell-containing solution for measuring the 

· effect of said test substance on changes in said cell membrane 

fragility and distinguishing between a change in said cell 

membrane fragility due to altereq lipid layers in the membrane 

and a change in said cell membrane fragility due to altered 

protein layers in the membrane of said test cells. 

Claim 22. The micro lysis-analysis process for measuring 

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

com.prising the step of selecting human red blood cells as said 

test cells and comparing said selected red blood cells with 

control red blood cells for detecting the disease diabetes by 

\.\11.\\ll•lll\ \ 
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changes in the cell response to micro-lysis for changes in cell 

membrane integrity caused by ·said disease. 

Claim 23. The micro-lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 15, further 

comprising the steps of detecting test-chemical induced 

alterations in human cell meinbranes of a cell sample containing 

an unknown concentration of a said test chemical by adding known 

concentrations of said test chemical to the cell micro-sample 

inducing alterations in cell membranes for determining the effect 
... 

of said addition of known concentration of said test 9hemical on 

cell response to micro-lysis by applying a standardized energy­

activated cell-attack agent before and after the addition of the 

known concentration of test chemical. 

Claim 24. The micro lysis-analysis process for measuring 

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

comprising the step of determining the level of ATP (adenosine 

triphosphate) in a cell micro-sample by treating the cell micro­

sample with known concentrations of said ATP inducing alterations 

in cell mr ~.nes of the cell micro-sample for determining the 
~ 

effect of &~id addition of said ATP on cell response to micro-

lysis by applying a standardized energy-activated cell-attack 

agent to the cell micro-sample and distinguishing between the 

membrane integrity of the ATP-affected cells and untreated cells 

•
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before and after the addition of ATP as a function of time after 

ATP-treat.Jnen~ and comparing the membrane integrity of cells in 

the untreated cell micro-sample with the membrane integrity of 

human red blood cells in the ATP-treated cell micro-sample. 

Claim 25. The micro lysis-analysis process 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 the disease sickle-cell 

anemia by changes in the cell response to micro-lys1s for changes 
~ 

in cell membrane integrity caused by said disease. 

Claim 26. The micro lysis-analysis process 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 to micro­

lysis for changes in the cell membrane integrity caused by the 

said membrane pathology • 

. Claim 27. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 26, ~urther 

comprising the step of selecting human red blood cells as said 

test cells and comparing said selected red blood cells with 
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control human blood cells for differentiating between normal 

hum.an cells .aud single-disease altered cells and for 

distingu.ishing said normal ~uman cells and said single-disease 

altered cells from multiple-disease altered cells. 

Claim 28. The micro lysis-analysis process for measuring 

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

including the step of selecting a specific energy-activated cell­

attack agent for a specific type of test cell. 

Claim 29. The micro lysis-analysis process fo~ measuring .. 
the strength of a cell memb~ane as claimed in Claim 3, including 

the step of standardizing said osmolality of said test cells and 

energy-activated cell-attack agent in a standardized buffer 

solution. 

Claim 30. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, including 

the step of varying the concentration of said test cells 

suspended in said cell-containing solution. 

Claim 31. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3, including 

the step of applying said focused ~econd-energy to produce a 

pattern of cell membrane changes for untreated normal cells with 

normal membranes and normal metabolism and comparing the strength 
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of the membranes of said untreated normal cells with the strength 

of the membranes of cells which have been treated by exposure to 

a known test chemical. 

Claim 32. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 31, which 

comprises the steps of addinq a test chemical which alters a cell 

membrane, said test chemical being selected from the group 

including pentoxifylline, diamide,'glutaraldehyde, and 

chlorpromazine. 
. .. 

i 
Claim 33. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 31, 

comprising the steps of adding a cell membrane altering test 

chemical, said test chemical including environmental toxic 

substances. 

Claim 34. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 31, which 

comprises the steps of adding a cell membrane altering test 

substance, said test substance including a virus, a bacteria, a 

hormone, or an enzyme. 

Claim 35. The micro lysis-analysis process £or measuring 

the strength of a cell membrane as claimed in Claim 3, which 

comprises the steps of testing for a cell membrane altering 

tlll lllllf 1llllMllll fl.If , 
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disease including diabetes, hypercholesterolemia, and sickle-cell 

anemia. 

Claim 36. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 17, further 

including the step of adding an intracellular membrane-bound 

specific test chemical to said cell-containing solution for 

measuring alterations in cell membrane fragility due to changes 

in membrane characteristics that ar~ created by an energy-

acti vated cell-attack agent that passes through the cell membrane 

to attach to internal cell structures where said ce11-attack .. 
agent becomes activated only inside of the cell. 

Claim 37. The micro lysis-analysis process for measuring 

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

including the step of adding an extracellular membrane-bound 

specific test chemical to said cell-containing solution for 

measuring alterations in cell membrane_ fragility due to changes 

in membrane characteristics that are created by an energy-

activated cell-attack agent that remains and becomes activated 

only outside the cell. 

Claim 38. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 3 1 further 

including the step of preparing a micro-sample of about 25 

microliters (µl) of ·said cell-attack chemical solution within a 



covered well means and placing at least one water-saturated wick 

within said well m~ans in close proximity to said micro-sample 

for preventing dehydration of said micro-sample of said cell­

attack solution. 

Claim 39. The micro lysis-analysis process for measuring 

the strength of a cell membrane as claimed in Claim 5, 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 response to an energy-

activated cell-attack agent. .... 
.. 

Claim 40. • 11 . 1 . f . th A micro ysis-ana ysis process or measuring e 

strength of a cell membrane, comprising the steps of: 

applying precise quantities of a focused first-light of 
. 

selected frequency and energy density to a precise microscopic 

area of a cell micro-sample; 

applying a focused second-light of second selected frequency 

and energy density to said precise microscopic area of a cell 

micro-sample; 

activating a light~activated cell-attack agent by 

application of said focused second-light; 

attacking cell membranes in said microscopic area of light­

aati vated cell-attack by said light~activated cell-attack agent; 

quantitating the precise degree of cell rupture by measuring 

the transmission of said focused first-light as a function of 

. , .... ,. · l•·11111w- ·,; '; 
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tfate before and after applying said focused second-lightJ and 

providing a quantitative, time-related, lig~t-dose dependent 

measure of cell fragility. 

I
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