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ABSTRACT

A simple microgesay ard compnder progrom are descrited for
derermining the erythrocyre hemolyric potency of drags m vitro
This microarsay s sensifive far both micro o5 well as macro
ranges af Aemogiobin concertration. An ELISA reader fas been
wdapted to read ervthrocvte bosiv (hemslysish, which reducer the
swenber wnel culfiere af replicanes, A compurer program weas devel-
aped el calculares paramerers such @s Oy (concentration of
drag cowsivg 0% bemolysizl, Cg (concentration af drug cousing
T hemaolvsiv] and [} (sfope of the curvel ond grapivically ex
presses the hemiolvtic patterns of veriows dregs simuitarecesdy.
The program can obicin opiical densities direcily from g $-well
plate ELISA reader by fmlerfacing the microplaie reader 1o the
computer or by asing o bevboard, Thds method (s wseful for
roreening o birge mumber of hemeodviic dregs aned regieires Tower
amaunrs of rest .n,'.-1rJ.|Ir.|rJ|.u||:.|'_|._ 11 mmay alse be .:;1_,'1||:|.'1| able fa JUEHTITA-
e fhm'n:mu.l' GESLGVE, AHCh @k compptemenl-medioten .kpnn’ll."\.'.i-.
and erumeranon of auibody-secreting cells. The program can be
aabwained from the QUIROFs a9 e qiese.

INTRODUCTION

The quantitative determination of ervihrocvie hemolysis is
of climeul sigmficance and a comparison of the strength of
vanous hemolylc agents 15 important for research in many
areas such o2 drug scresming, bwochemstry and medicine.
Certain drugs are known 1o distribute and‘or bind to the
erythrocytes and induce hemolysis {3-8). Various methods
mave been described  for guaniitative  derermination of
hemolysis (3,7,8,10,200. Maost of these methods are based on
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a macroasszy where the drog 1 added to the tubes contaimng
erythrocytes, Each tube 15 hardbed separmely for determiming
the extent of hemalysis caused by each drug. This method 13
tedious when testing multiple samples and requires high dig
amounts (3. 13-16), To measure the hemaolytic potency or the
tonicity of the drug and to study the kinetics of hemolysis, i
witld be useful (i) to develop a simple and sensitive quantita-
tive assay for determining hemolysis applicable to a wider
range of ervthrocyle concentrations and (1) W0 express grapho-
cally the hemolysis caused by different drugs at varying drug
concentrations (characleristes of the dreg),

Here, we describe a sensitive microassay and a computer
program for estimating the hemolysis caused by different
drugs. In this method, optical density (OD) data obtained
from & 96-well engyme-linked  immunosorbent  assay
{ELISA) plate are fed into a computer by either direcily inter-
facing the mucroplate reader to the computer of using the key-
board (17,18}, The program performs the data analysis and
expresses the hemolytic patterns of drags graphically,

MATERIALS AND METHODS

The hemaolvtic drugs indomethacin (IM). flufenamic acid
{EA) and ibuprofen ([P} were perchased from Sigma Chemi-
cal (St Loads, MO, USA) Damethyl formamade (DMF) was
obfained from Merck India Ltd. (Bombay, India). Stock solu-
tions. {1000 mM) of the drugs were prepared in DMF and
diluted in phosphate-buffered saline (PBS; 3 mM phosphine
bufter pH 74, 2.7 mM KCL, 137 mb NaCl).

Mouse erythrocytes were prepared as described previousiy
[23) and washed three tumes with PBS before use. Ervthro-
cyte suspension (20 ul.p was added 10 a Bo-well viny] assay
plate (Corning Costar, Cambridge, MaA, USAL and the cells
were thoroughly suspended in E&( jl. of drug-solubilizing
buffer (PBS contwining 10% DMFL For complete hemolysis,
the cells were suspended in 200 @l of distalled water. Contrel
wiells were taken with PBES containing 10% DMFE. Plates were
incubated at 37°C for %) min and centrifuged at 30= g for 5
min. Supemnatants were directly transferred with a multipiper
o @ new plate, and the OD of each well was read at a wave-
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length of 543 nm using &n MPR-Ad Urogenetics ETA-reader
(Model MPR-A4: Eurogenetics, Tessenderlo, Belgium). This
reader can be nterfaced to the senal communication pore of
any IBM®-compatible miceocomputer by on RS-232 inter-
face {217, 18).

COMPUTATION

00 data obtained above were entersd into a microcom.
puter using the keyboard, bat the computer program also has
an option o enter the data into the microcomputer directly
from the microplate reader by using an R5-232 interface, The
program uses the OD data to constrsct an 8 = 12 table of data
points that ¢an be printed (2.18). The percentage of hemolysis
caused by the drug at a given concentration was calculated by
tollowing equation:

O -
ODo- 0Dy

100 [Eg. 1]

where H, O, 00, 0Dy are percentages of hemol yais, op-
tical density in the presence of dnags, optical density in the
presence of water, and optical density in the presence of drug-
solubilizing buffer, respectively.

The computer program compules the percentage of
hemolysis caused by different drags at varying concéntra-
tions using equation 1. The percentage of hemolysis va, drug
concentration data was used o express the hemolytie patterns
of drugs and to derive a hnear interpolation formula for cal-
culating different pararneters as described below.

Hemolytic Pattern of Dirugs

The computer program first calculates the percentage of
hemolysis caused by different drugs at varying drug concen-
trations. [t then draws the bemolylic pattern (percentoge

hemaolysis va. drug concentration) of different drugs on the

same praph. Similarly, the hemolytic pattiern of drugs for

vanous patameters, such as incubation time and temperature,

can be drawn on a single graph. The graphical presentation of

the hemolytic panem helps in swdyving the kinetics of

ﬂ&mﬂlysis and for simultaneously screening the hemolvtic
.

Linear Interpolation Formula

The graph ot the percentage of hemaolysis {dependent vari-
dble) va drug concentration (indcpendent variable) of a
knoewn standard was wsed for calculating the linear inferpola-
tion formula, The linear range of the curve was depicted
{17y Data an the linear range of the curve were fitted using
the following linear equation:

H=Ag+ 4| x{C) |Eq. 2]
where H, C, Agand A | represent the percentage of hemolvsis,
drug concentration, the constant and slope of the curve, re-
spectively. The values of Apand A were calculated by fitting
the data in the range using the least squares curve fling
method from the computer program. Equation 2 represents
the linear interpolation formula obtuned from the standard
sample and was used o caleulate Csp (concentratiom of the
drug causing 30% hemolysis), Cig (concentraton of the
drug causing 100% hemolysis) and [§ (slope of the curve)
(A;). The concentration of the dneg causing a specified per-
centage of hemolysis can also be calculsted using equation 2,

RESULTS
Sensitivity and Valldity of the Microassay
The zamples with different erythrocyte concentrations

[10% 1o 10¥) were completely hemalyzed with water (200 pL)
into a So-well plate, The OD of each well wus measured and
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Figure L (A} Kelatonship betwgen OD (543 nm) and cell nurnber in micro mnge (3 = 10° o 3 2 10°), Sangles were campliately hemalyeed with distilled water
a5 described in Maenials and Methods, (B) Relationship between OD 1543 nm) and cebl number in macro mnge (3= 108 109w 1075 Somples were complesaly

hemolyzed with disilled wer 25 described in Marerials and Methads.
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Table 1. Hemolysis Caused by Different Drugs

' Our Mathod Published Method (3)
Drugs Cso Cigo Csp Cioo
Irdemethacin 1.96 + 0.052 376 +0.084 1.85 38
Flutenamic Acid 1.49 £0.076 2232 £0.042 1.45 23
louprofan TA2 £ 0142 10.18 £ 0.0B2 T2 101

the data were analveed using a4 computer proeram. 0D vs,
cell concentration was plotted and fined with the linear
regression equation (Figure 1, A and B). These curves showed
linearity in the micro range (3 x 10° o 5« 108) (Figure 1A)
as well as in the macro range (3 = 109 to & » 107) (Figure 1B),
thus showing that the assay developed was applicable 1o0oa
wider range of ervihrocyie concentrations,

This assay was checked for its validity in determining
erythrocyie hemolytic potency of known hemolytic drugs.
Hemelysis was monitored &t vanious concentrations of 1M,
Fa and TP, Walues of Csy and Cyqq were calculated by & com-
puter program for these drugs. These were then compared
with the reported ones (Table 1), It 15 evident that the method
had an excellent comelation, estzblishing the utility of the as-
say for caleulating the hemodytic potency of various drugs.

Graphical Representation of the Hemolytic Pattern

The samples with erythrocyte concentrations (3 = 107
were hemolyzed by water, buffer and drags (IM, FA, 1P} at
varying drug concentrations in a $o-well plate. The OD of
each well was measured and entered into a compater. The
program automates the computation of parameters Cay, Ciog,
B, =tc., and expresses the hemolytic patterns graphically,
which can be ploued on an HP-GL-compatible plotier. The

hemalytic patteens of the deugs, IM, FA and 1P, are shown in
Figure 2. For each plate, the user has an option to print the av-
erage OD values and parameters {Csq, Ty, B and to plot the
hemaolytic patterns of the drogs,

Kinetics of Hemolysis

The studies were further extended o test if the assay can
also be used for performing kinetic studies of drug-induced
hemolysis. For this, the effect of the incubation time was
taken as one of the parameters, The percentage of hemolysis
was mepsured at different incubation nme mtervals using
virious concentrations of IM at 37°C with different cell con-
centrations {Figure 3. This figure shows that lysis reached a
platean in abowt 50— min.

DISCUSSION

The objective of this study was to develop a sirmple and ne-
liable microassay and to design a computer program to study
the bBehavior of dougs based on their hemolytic potency, The
analysis performed by the program is rapid (muliiple sam-
ples) and awtomsted (reading and analvzing data). It also
displavs graphically the hemolytic panems of drugs and the
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Figure L Graphical representatinn of hemalytic patterns af the drogs
I, FA and IF. Hemaolysis of erythrocyies (3 » 107) was carried ool with in-
creasing concemmations of drugs, The perceniage of hemolysis was compured
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kinetics of hemolysis

Warious methods described so far for quantitative determi-
nation of hemaolysis can be classified as the (1) coil planet cen-
trifugation (CPC) method (8,90, (i) radiolabeled chromiwm
rebease method (100, (i) and static method (macroassayh
(3,12.13,15.16). The CPC method, originally developed 1o
monitor osmaotic hemalysis os an index of erythrocyte fragil-
ity, was later adapied 10 measure drug-induced lysis of eryth-
rocytes (8) Abthough this method is rapid, it cannol measure
binlogical effects (8). The radiolabeled chrommum release
meshod is sensitive at the micro range but is tedious to per-
form and also adds. the additional burden of hamdling rudioac-
tivity. The widely used macrosssay s easy to perform with o
small number of samples and can measure biological effects.
Howeves, this method becomes mone cumbersome and time-
consuming for multiple samples, To overcome the abowve
limitanions, we have described o simple microassay that is i)
semsitive at the micro range; (ii) can handle muliple samples
it o timne by adapeing the 96-well plate ELIS A reasder (iinh re-
quires less cell numbers or hemaoglobin concentratiom; and
(iv) utilizes lower amounts of test compound.

T our knowledge, no method has var been described that
can express the hemaolytic patterns of dnegs graphically,
which is highly useful in studying the charactenisbics of drugs

in teems of ther bemolviic potency. [n this direction we have
developed a computer program thit hos the following op-
tions: (1) reading data directly from the ELIS A plate resder;
(i) caleularing the averige O of samples, which are in du.
plicate, wiphoaste, ec.: (i) colculating parameters like Cay,
Crom Bz 0v) displaying the hemolytic patterns of drogs: and
(%) represénting kinetics of hemaolysis graphically. Thus, this
program may fAad wide applications for quantitative analysis
of drug-induced hemolysis and other functional assovs such
as complement-mediated erytliocyte bysis (1,19.21), carrier-
specific antibody response (111 and enumenstion of antibody-
secreting cells { [6,22)

In concluskon, this report descrbes (i) 2 simple and sensi-
tive microassay for quantification of hemolysis that requines a
lower amount of test compound and can handle a large num-
ber of samples simultancously and (i) a computer program
thae focilitates feeding of 0D daa directly from the ELISA
reqcler by imterfacing it to the computer for computing pa-
rameters like Csg, Cjpp and P and representing hemolytic pat-
tems of drugs graphically.

The program for the amalysis amd coleulation of the daia is
written in Q-BASIC, can be run on an [BM-compatible com-
puter under M5-DOSE Version 2.0 or higher and requires a
CGA. EGA or VGA card. The hard copy of the praphs can be



ploated on HP-GiL-compatible plotiers, This is a menu-driven
computer program and provides a data storage facility onoa
disk. A copy of the source and executive version of the pro-
gram can be obizined by sending a 3.25-in. Moppy disk 1o the
authors ar by EMail: grish@imtechemet.in
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