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Mitotic index and cell proliferation kinetics for
identification of antineopiastic activity
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The mitotic index (M) and cell proliferation kinetics (CPK)
of human blood lymphocyte cultures were determined
to evaluate the effects of six antineoplastic drugs with
well known cytostatic activity: cisplatin, melphalan, bleo-
mycin, methotrexate, 5-fluorouracil and 6-mercaptopur-
ine. All six drugs showed a clear effect on the inhibition
of MI. The first three drugs interact directly with DNA
showing a dose-related retardation of CPK. Methotrexate,
5-fluorouracil and 6-mercaptopurine, which act on ribo-
nucleotide biosynthesis, showed no significant effects on
CPK. The results suggest that CPK and Ml measurements
are useful for the prescreening of drugs with potential
cytostatic activity.
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Introduction

The study of antitumor activity of new drugs
involves the use of a variety of tests, either /# rivo
or /n vitro, which should select those compounds
with anticancer potential.

The n ritro methods evaluate either cytotoxicity
through dve exclusion, chromium release, incor-
poration of radiative DNA precursors'” or the
human tumor clonogenic assay (HTCA).> Some of
the disadvantages of the first approach are that
cVtotoxicity is a very sensitive parameter vielding a
large number of false positive results,” while in the
HTCA not all tumor cell tvpes grow well in culture
and leukemias and lymphomas do not grow at all.”
In addition, the HTCA is not sensitive to the effects
of six of the most commonly used anticancer drugs.

The use of mitotic index (M) and cell prolifera-
tion kinetics (CPK) of Ivmphocvte cultures has been
proposed as parameters for the screening of anti-
neoplastic activity.” The CPK is a measure of the
relative number of generations during a specitied
time in culture by the use of bromodeoxvuridine
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(BrdUrd);” ' this method identifies cells which
have performed different numbers of DNA replica-
tions in culture.'!

In the validation of a new biological system
proposal for the screening of a specific activity,
three points have to be taken into account: re-
producibility, specificity and sensitivity of the para-
meters evaluated. The reproducibility of both MI
and CPK has been reported in a previous work.'?
In this paper we evaluate the effects of six drugs
with well known anticancer activity in order to
determine the sensitivity of these endpoints for the
detection of antineoplastic agents.

Materials and methods
Donors

Blood from five healthy donors (three women and
two men with a mean age of 31 vears) was obtained.
We used blood from two donors in duplicate
experiments to test the effects of each drug.

Lymphocyte cultures

Cultures were processed as described.'’ Briefly,
0.5ml of heparinized blood was used to start
cultures with RPMI 1640 culture medium, 32.5 uM
of BrdUrd and 0.2ml of phvtohemagglutinin
(PHA; Microlab, México); the total volume of the
culture was ~ ml. The time of culture was "2 h and
the tested drugs were added 24 h before fixation.
After fixation, cells were dropped onto slides and
stained according to the Hluorescence plus Giemsa
method."

Microscopic analvsis was performed to determine
the MI, scoring the number of metaphases in 2000
cells. The relative mitotic index (RMI) was
evaluated as RMI = [ M1 treated MI control] x 100.
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The inhibition of mitotic index was calculated as
100 — [MI treated x 100:MI control]. CPK was
evaluated on 100 consecutive metaphases de-
termining the number of first (M1), second (M2)
and third or further (M3) division cvcles.
The replication index (RI) was determined by the
formula RI = M1 + 2(M2) + 3(M3), 100.

Chemicals

The following drugs were tested: cisplatin
(Platinol; Bristol, Mexico; CAS 148-82-3), metho-
trexate (Sigma, St Louis, MO; CAS 59-05-2),
bleomycin (Mack, Germany; CAS 11056-86-7),
5-fluorouracil (Sigma; CAS 51-21-8), 6-mercapto-
purine (Sigma; CAS 50-44-2), melphalan (Sigma;
CAS 148-82-3).

Statistical analysis

Statistical analysis for differences between donors
was performed by a chi-square test, and a #-test was
used for differences among concentrations and with
respect to controls.’

Results

All drugs used induced a significant inhibition of
the MI. With the exception of methotrexate the
inhibition of MI was dose related. The effect on MI
was larger in treated with bleomycin,
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Figure 1. Effects of six antineoplastic drugs on the mitotic
index (M) of cultured human lymphocytes. Data are
presented as percentage of inhibition of the MI. Results
from untreated cultures are taken as 100%. Each point
represents the mean value of two independent experi-
ments. Drugs tested were: bleomycin (+), methotrexate
(*), melphalan ( x ), 5-fluorouracil (), cisplatin (A) and
6-mercaptopurine (X).
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methotrexate, melphalan, 5>-fluorouracil and cispla-
tin than in those where 6-mercaptopurine was
added (Figure 1).

Data also show that Ivmphocvtes treated with
different doses of cisplatin, melphalan and bleo-
mycin exhibited a CPK retardation (Figure 2),
while in cultures treated with 5-fluorouracil,
6-mercaptopurine and methotrexate no effect on
CPK was detected (Figure 3).

Figure 4 shows the correlation between the
percentage of inhibition of M1 and RI. Drugs which
interact with the DNA exhibited a dose curve with
a negative slope, while 5>-fluorouracil, methotrexate
and O6-mercaptopurine (which do not act directly
with DNA), showed slopes tending to zero.

Discussion

Preclinical screening of synthetic compounds or
natural products for evidence of antitumor activity
generally relies on evaluating only a single
parameter, usually cell death. However, with the
use of two biological endpoints, such as the MI and
the CPK assays, more accurate information can be
obtained. For instance, an inhibition of the MI can
be interpreted in terms of death or as the arrest of
cells at any moment during interphase.'® On the

25¢F

»
R
<
s N N
= . . N
8 * o
o
g 2 \
a
|
i
i
1 5 NS I Lt Lalillh Lof 4 IR 4 bt
000 saex G 1 ial 100 1000

Micromolar concentration

Figure 2. Effects of bleomycin (x), cisplatin ([J) and
melphalan (+) on the replication index of cultured human
lymphocytes. Each point represents the mean value of
four independent experiments.
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Figure 3. Effects of 6-mercaptopurine ( x ), 5-fluorouracil
(<) and methotrexate (/) on the replication index of
cultured human lymphocytes. For explanation see Figure
2.
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Figure 4. Correlation between replication index and
inhibition of MI values from cultures treated with (top
panel) melphalan (+), bleomycin (+) and cisplatin ()
and (bottom panel) 6-mercaptopurine (-), 5-fluorouracil
(+) and methotrexate (x).

Identification of antineoplastic activity

other hand, the CPK allows us to differentiate
between drugs which induce cell death and those
which have a cytostatic effect by delaying any phase
of the cell cycle.

Our results demonstrate an inhibition of the MI
by all drugs tested; with all drugs except
methotrexate, this inhibition was dose related.
Methotrexate causes a decrease of the MI at low
concentrations (0.1 uM) and this effect is maintained
at higher concentrations. These findings are in
agreement with those by Prescott'” who suggested
the wuse of methotrexate as an agent for
synchronizing the proliferation of cells, since it
arrests cells in the G, phase.

The CPK, on the other hand, was affected in
different ways depending upon the mechanism of
action of the drug tested. Drugs which directly
interact with the DNA produced a CPK delay
(Figure 2). By contrast, 5-fluorouracil, 6-mercapto-
purine and methotrexate, which do not interact
directly with DNA, had no effect on the CPK
(Figure 3).

The cytostatic activity exhibited by cisplatin,
bleomycin and melphalan could be due to a delay
of the cell cycle during DNA damage repair.'®"” It
has been suggested that chemicals which do not
cause severe DNA damage, such as methotrexate,
6-mercaptopurine and  5-fluorouracil, probably
exhibit a threshold response.” In agreement with
this, in our study the culture time may not have
been sufhiciently long to detect an effect on CPK.
It must be noted that the highest concentrations
used of 5-fluorouracil and methotrexate induced a
MI inhibition of 70% without causing any delay on
the CPK.

If the correlation between the inhibition of the
MI and the CPK is analyzed graphically, the
cvtostatic activity of DNA-specific agents can be
clearly characterized in the svstem, since they have
a negative slope (Figure 4). This behavior could
also be used to predict the method of action of
unknown compounds.

According to these results a dose-related
retardation of the CPK could be interpreted as a
potential capacity of drugs to interact directly with
DNA; these kind of agents are known to be
clinically most effective as antineoplastic agents.”

The data presented indicate that the MI and the
CPK are sensitive parameters for detection of
cvtostatic activity. Are both parameters specific for
antineoplastics? The answer is no, since various
reports indicate that a wide range of chemical,
phvsical and biological factors induce MI inhibition

and CPK delav.""***" Nevertheless, these para-
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meters could be used in early steps of the preclinical
screening for antitumor activity where a high
specificity is not required but reproducibility and

sen
PH

sitivity are desired.” In this study we have used
A-stimulated human lvmphocvtes as the cellular

model. However, other cells which represent more
closely the kinetics of tumoral growth should also

be used.
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