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Abstract—The inhibitory effect of vincristine (VCR) on cell division was studied in
vivo on two squamous cell carcinomas of head and neck. One milligram of VCR was
pulse injected in the external carotid artery, followed by a continuous 20 hr infusion of
another mg of VCR. A biopsy in three different areas of the tumor was taken at 0, 7,
20, 26, 32, 45 and 62 hr afler the onset of the experiment. Histologic sections were
prepared, mitotic index (M.1.) was counted and DNA content measured microfluoro-
metrically in the interphases and mitotic cells obtained by “*squashing” the biopsy. In one
case the M.1., which varied in different areas of the tumor, increased during the
treatment, remaining significantly higher than the control value until 42 hr after the end
of the infusion. In the other case at this same time the M. restored the initial value.
The blocking effect was associated to an alteration in the mitotic cells characterized by
the assembling of chromosomes in the middle of the cell and by the disappearance of
telophases and anaphases. The metaphase arrest of most of the cycling cells was
confirmed by the DNA spectra of the mitotic cells which showed the disappearance of
cells with DNA conlent corresponding to the telophase amount. The relatively small
number of cells arrested and the protracted release of the block suggest that a
synchronization useful for therapeutic purposes could not be expected in this type of
tumors.

INTRODUCTION followed at diffcrent time intervals by, e.g.
bleomycin or cyclophosphamide [11-14].

The purpose of this study was to verify
by means of morphological analysis, M.IL.
evaluation and measurement of nuclear DNA
content, the mitotic action exerted by VCR
on squamous cell carcinoma of head and
neck in man. The nuclear DNA content
was measured on single cell “squashed”
on slides in order to identify the mitotic
figures and the cancer cells. On the other
hand, an accurate discrimination of the
various cells is advisable for the proper
interpretation of the results obtained in solid
tumors by automated flow cytometry [15-19].

Tue arkavcorp VCR is a mitotic inhibitor
for several cell tvpes m wviwvo and in vitro
with a blocking effect in the metaphase
[{=3]. The mitotic action is not the only
effect of this drug, other reports suggesting
also inhibition of the RNA, protein and
DNA synthesis [4-8]. Recently .the interest
for this drug developed towards its potential
synchronizing effect, the aim being to
accumulate cells in the most sensitive phase(s)
of the cycle and then properly scheduling
the administration of other cytotoxic agents
[9, 10]. A number of clinical trials have
been carried out according to these principles,
that is, the administration of VCR was
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in 1000cc dextrose, was infused for 20 hr.
The intra-arterial drug administration was
chosen to obtain a relativelv higher concen-
tration at the tumor level. On the other
hand the well known neurotoxic effect of
VCR was not expected to be increased
in comparison with the general route admin-
istration, considering that the external carotid
artery supplies the tissues of the maxillofacial
structure, without a direct extension to the
central nervous system. However, the total
amount given, ie., 2mg, was kept in the
usual range of a single VCR dose
(1.4-1.5mg/M?). For this reason a half of
the total dose was injected while the other half
was infused. From a theoretical point of view,
the infusion time of the synchronizing agent
should last several tens of hours to be at least
as long as the mean intermitotic time Because
of the absence of data in the literature
concerning intra-arterial VCR administra-
tion, a compromise between total amount,
drug concentration and, consequently, in-
fusion time, had to be found. However,
a one day infusion time could exploit a
stathmokinetic effect on a larger amount
of cycling cells than the pulse injection
modality. A biopsy specimen was taken,
when possible, in three different areas of
the tumor three times a day during the
first (0, 7, 20hr) and the second day (26,
32, 45hr) and 62hr after the onset of
the experiment. Part of the biopsy was
fixed in ethanol-acetic acid, Feulgen stained
(acid hydrolysis in HCl 35 N 17min at
37°C; basic fucsin 0.05°;1hr) and then
was ‘“‘squashed” [20] for M.I. evaluation
and DNA content measurement. The other
part of the biopsy was stained with Mayer
hematoxilin and eosin and the sections
prepared for histological examination. The
M.I. was evaluated and the mitotic phases
identified in two slides for each biopsy
specimen, on the basis of a minimum of
300 mitotic or 3000 interphase cells. The
DNA content of 250-300 mitotic cells in
the same scanned area was also measured
by means of a Leitz MPV-I cytofluorometer.
The fluorescence of the DNA-dye complex
was excited by a narrow band interference
filter at 480 nm and measured with a barrter
filter with the edge at 665 nm for minimizing
inner filter effect. Under these conditions,
the maximum optical extinction of the nuclei
remains below 0.1, so that there is a good
proportionality between dve concentration
and fluorescence output [21]. The DNA
values were normalized to the mean DNA

content ot 30—40 lvmphocytes found in the
same measured area. The telophases were
measured as single pole so that their relative
DNA content is referred to half of the
metaphase amount.

RESULTS
Case 1 (D.F.)

This tumor was classified histologically
as a grade III, moderately indifferentiated
carcinoma, composed of a quite homogeneous
cell population. The histological picture
changed after at least 7hr after the onset
of the experiment, because about 60°, of
all the mitoses appeared altered being
characterized by the assembling of chrom-
osomes in the middle of the cell [22] (Fig. 1).
This finding was to be expected because
of the specific action of the drug on the
mitotic spindle [23, 24]. The predominance
of abnormal mitoses lasted until 32hr after
the end of the infusion, but in specimens
taken at 45 and 62hr the fraction of altered
mitoses was reduced to about 10°.

The values of the M.I. are reported in
Table 1. A chi square test was applied
to verify the homogeneity of the M.I. values
between slides and specimens. In most
instances the test gave significant results
either before, or during, and after the treat-

Table 1. Case . Values of mitotic index+8.D. (°,)
Time

(hr) Specimen Slide (A) Slide (B)
Oa 1.31+0.13 1.35+0.14

0 0b 1.454+0.14 IAQiO.‘ZO
Oc 2.474+0.19 2.19+0.24

la +71+0.23 4.65+0.24

7 b 6.86 +0.29 4.81+0.32
le 5.33+0.39 5.82+0.38

2a 5.18+0.24 9.68 +0.30

20 2h +.05+0.2¢4 2.99+0.23
2¢ 5.27+0.39 10.23+0.5¢4

3a +.08+0.22 4.15+0.30

26 3b 12.98+0.40 6.00+0.35
3c 7.674+0.55 4.01+0.28

4a 8.29+0.41 5.86+0.29

32 4b 5.874+0.41 3.954+0.25
+c 6.60+0.43 6.64+0.33

45 3a 4.62+0.37 8.65+0.57
62 ba 4.7340.33 6.98+0.32

M.I. (percent values) in multiple specimens and
slides at various times with their standard deviation.
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Fig. 1. Case 1. Hematoxilin-eosin  stained section at
20 hir. Several altered mitotic cells can be observed.
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ment. Therefore. the mean values for each
time were not calculated. However, the
single values of ML.I. during and after the
treatment show clearly an upwards tendency.

At tme 0, the DNA content of telophases
and metaphases was mainly confined to
two peaks correspcnding to the lymphocytes
value and twice as much, respectively (Tig.
2). In the points at 7, 20 and 26hr the
DNA spectra showed the almost complete
disappearance of the first peak, irrespectively
of the M.I. value (Fig. 3). In the biopsy
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The DNA content of interphase cells was
also measured, but, when comparing the
histograms of two biopsy specimens taken
at the same time, the chi square test [23]
indicates a statistically significant difference
at 19, level. This finding was observed
either in the spectmen at Ohr or in the
following points.

Case 2 (4.C.)
The histological picture of this tumor
showed a slightly more differentiated
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Fig. 2. DNA content of mitoses in case 1 at time 0. The
distributions are given in two areas of the tumor characterized by

different values of M.1. (R.

L'. B

relative unit of D.NA content

normalized to mean [ymphocytes value).

specimen after 32, 45 and 62 hr, even though
the general pattern of DNA distribution
is substantially unchanged, there is a small
increase of the first peak, likely because
of an initial release of the blocking effect
(Fig. 4). The identification of mitotic phases
allowed the evaluation of their relative
frequencies. The mean values for each time
are reported in Fig. 3, which summarizes
the main features of the experiment and
is in agreement with the previous observation,
that is, starting at 7hr, almost all mitoses
are found in metaphase.

structure. Again at 7hr about 50°%; of all
mitoses appeared altered. However, already
at 26hr the fraction of altered metaphases
is reduced to 30°,. Starting from 45hr
no more abnormal metaphases could be
observed and anaphases and telophases raised
from about 3 to 159;.

Also in this case the M.I. value showed
large fluctuations either before or during
and after treatment (Table 2). However,
the increase of the M.I. lasted only 32hr,
compared to the 60hr of case 1. In the
control specimens, the telophases and meta-
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Fig. 3. Case 1. DNA content of metaphases (white hys-
tograms) and telophases (dark). At time 20 and 26hr
measurements were laken in specimens with low (B, D) and
high (C, E) M.1L.
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Fig. 4. DNA content of mitoses in last specimens of case 1.

Dark histograms are telophases, metaphases are in white.
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Fig. 5. Case 1. Plot of the relative frequencies of mitotic

phases normalized to the total number of mitoses.

Table 2. Case 2. Values of mitotic index +S5.D. (%)
Time

(hr) - Specimen Slide (A) Slide (B)
Oa 0.98+0.18 1.33+0.18
0 Ob 1.48+0.19 1.77£0.29
Oc 0.68+0.16 1.32+0.28
7 la 5.04+0.31 6.93+0.48
1b 5.10+0.36 4.124+0.30
20 - 2a 6.91+0.37 10.56 £0.51
2b 7.29+0.45 6.00+0.33
26 3a 4.20+0.43 6.50+0.39
32 4a 9.04+0.45 7.06+0.59
45 Sa 1.89+0.24 1.81+0.36
6a 0.27+£0.09 0.60+0.21

M.I. (percent values) in multiple specimens and
slides at various times with their standard deviation.

phases were confined to two peaks with
DNA content slightly higher than the lympho-
cytes value (Fig. 6 A, B). At 20hr, no

mitoses with DNA corresponding to the
first peak could be found. At 26hr, a
small number of nuclei belonged to the

first peak (Fig. 6 C, D). In the last specimens,
even though the low amount of mitotic
figures observed did not permit the construc-
tion of satisfactory histograms, 199, of mitotic
cells with DNA content corresponding to
telophases was found. The plot of the mitotic
phases (Fig. 7) showed a gradual return
of the fraction of mitoses to the pre-treatment
level.

DISCUSSION

The aim of synchronizing procedures is
that most of the cells will contemporaneously
cross a definite phase of the division cycle.
This result can be attained by reversibly
blocking the cells in a phase, e.g., mitosis,
and then releasing the block in order to
obtain a relatively uniform recruitment of

the cells into the cycle [26]. Such an
approach should make it theoretically possible
‘to take advantage of kinetic differences

in the cycle progression between tumor and
normal cells. Obviously enough, the drug
concentration within the tumor should be
kept at a sufficient level for a tme at
least comparable to the cells cycle times.
In our experiment these conditions were
approached by employing a continuous
regional infusion of the drug, so that a
concentration effective for a rather prolonged
period of time could be obtained. The
efficacy and limits of this procedure were
checked by using different complementary
methods. In fact, because of its intrinsic
variability, the M.I. has only a limited
relevance in assessing the action of the
drug, whereas the DNA spectra of the
mitotic  figures clearly demonstrate the
presence of the block also in tumor areas
where the M.I. showed only small increments.

This is evident in Case 1 (Fig. 3 panels

B, C and D, E) where more than 909,
of the mitoses are metaphases either in
the areas where the M.I. is 4.1 and 9.79%
or 4.1 and 139, respectively. Therefore,
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Fig. 6. DNA content of mitoses in case 2 ar various times.

Dark histograms, telophases, metaphases in white.
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Case 2. Plot of relative frequencies of mitotic phases,

normalized to the total number of mitoses.

the fluctuations of M.I. in this type of
tumor should be more likely ascribed to
local variation in the proliferative activity
rather than to a failure of the drug action.
Beside, the DNA measurements confirmed
quantitatively that altered mitotic cells are
actually cells arrested in metaphase. Concern-

ing the duration of the block, in case
1 it was protracted up to 42hr after the
end of VCR infusion. It seems, therefore,
that the drug effect, which results in a
metaphase arrest, is taking place also in
other phases of the cycle. This was recently
demonstrated by the double labelling method
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on jejunal crypt cells of the mouse [27].
It does not seem unlikely that the protracted
duration of the block should be ascribed
to a similar mechanism of action. According
to this hypothesis despite the duration of
VCR infusion is only a fraction of typical
cell cycle time, ie., 60-70hr, the values
of M.I. (5-9%,) in the specimens taken
at 62hr should give an approximate, even
though underestimated, size of the proliferating
population. On the contrarv, in case 2,
the duration of the block does not last
much longer than the period of infusion.
The reasons for this phenomenon could be
related either to some estrinsic effect i.c.,
minor local drug concentration duc o
unpaired vascularization, or to intrinsic
causes, li.e., shorter cycle times. The gradual
release of the block, while confirming some
possible action in cycle phases other than
mitosis, indicates that a sharp synchronization
could hardly be obtained. It was not possible
to determine whether the normal metaphases
and telophases appearing after the blocking
action of the VCR are the same cells
arrested by the drug or new mitotic figures
unaffected by VCR. The DNA spectra of
the interphase cells were unable to reveal
a synchronizing effect because of the already
mentioned statistically significant differences
of histograms in different specimens at the

same time, likelv due to zonal proliferative
inhomogeneities.

In conclusion, the in vito analysis of the
mitotic effect of VCR suggests:
(a) a blocking action, whose luration depends
on each particular tumor, can be attained.
(b) the M.I. value is not a reliable predictor
of the blocking action because of its wide-
spread fluctuations.
(c) the arrest affects only a limited proportion
of cells, so that a true svnchronizing effect
is by no means easy to be detected.
(d) synchronization relies on reversibility of
the block. Even though, in our cases, this
question was not answered, there is some
evidence that blocked metaphases are per-
manently damaged [27].
(e) assuming that sampling and preparative
problems are solved, flow cytometry could
be an essential help in assessing the presence
of synchronously cycling cells.
(f) in view of the difficulties in pre-
establishing the block duration and the
modalities of the block release, a clinically
useful synchronization seems difficult to be
obtained.
(g) the relevance of kinetic procedures in
terms of therapeutic gain seems to be limited
in cases similar to the present ones, mainly
because of the small fraction of proliferating
cells.
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