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Abstract: The efficacy and safety of intraperitoneal administration of
vincristine sulphate was determined in mice bearing Ehrlich ascitic
carcinoma. The tumor bearing animals were administered with 0.5 mg/kg
body weight (b.wt) of freshly prepared vincristine sulphate intraperitoneally
on day 6 after tumor transplantation followed by drug administration once
daily 5 days a week consecutively. The observations regarding the survival,
alteration in the volume of peritoneal fluid, increase in life span and
pathological changes in the liver, kidney, gastrointestinal tract and bone
tissues were made. The vincristine sulphate treatment reduced the
malignant cell population significantly and there were no significant changes
in the histological picture of liver, kidney, bone, except the intestine, where
atropy of villi demonstrating nests and cords of uniform small round cells
were observed. Our experimental data suggests that intraperitoneal
administration of vincristine is beneficial in malignant peritoneal effusion.
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intraperitoneal median survival time.

INTRODUCTION

Despite seemingly curative surgery, 20—
30% of patients of gastrointestinal cancer
develop some form or the other of
locoregional recurrence (1). Locoregional
recurrent cancer causes significant morbidity
and may give rise to secondary metastatic

diseases, and this group of patients with
biologically low—grade disease might, in
theory benefit from local treatment, taking
the advantage of the presence of a peritoneal
plasma barrier (2). Traditionally locoregional
cancer recurrence with wide spread
peritoneal implantation has been difficult to
treat, as most of the patients undergo
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palliative procedures or no surgery at all.
The same holds true for patients suffering
from malignant peritoneal effusion, a disease
that remains confined to the peritoneal
surfaces during most of their natural history.

An adequate understanding of cancer and
its treatment must begin with the
appreciation of the fact that cancer is not a
single disease, but atleast 100 different
diseases each of its own characteristics and
natural history (3). Even with single
malignancy, major biological differences can
exist. Therefore it is important for
professionals and researchers to know this
and counsel patients as to the nature of
cancer, modern methods of therapy and the
importance of clinical and experimental
research as a way to improve the treatment
of future patients (4). For anticancer drug
to be effective several features must be
present. The drug must reach the cancer
cells, sufficiently toxic amount of drug (or
its active metabolites) must enter the cells
and remain there for a long period of time
and the cancer cells must be sensitive to
the effect of the drug. All this must occur
before resistance to drug therapy develops

(5).

Cancer chemotherapy can no longer be
conducted on a trial and error basis. It has
become a science based largely on the
principles derived from animal experiments
like log cell kill hypothesis, cell kinetics of
normal and malignant cells, mechanism of
action of cytotoxic drugs and their effects on
cell cycle, pharmacokinetic drug scheduling,
drug toxicity, selectivity of cytotoxic drugs
for certain histological cell type and drug
resistance (6). Of late oncologists are trying
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out various drugs by intraperitoneal route
in malignant peritoneal effusion (7).
Recently, a growing number of reports have
attracted considerable interest in
intraperitoneal chemotherapy following
debulking surgery. More over a growing body
of experimental evidence also supports use
of intraperitoneal chemotherapy for
peritoneal carcinomatosis following resection
of tumor stage (8).

Vincristine sulphate (VCR), a dimeric
alkaloid isolated from the periwinkle plant
Catheranthus roseus, is used for the
treatment of several forms of malignancies
(9). It has been reported to possess antitumor
activity against experimental animal tumors
and exhibits cytotoxic effects both in vivo
and in vitro (10). Vinca alkaloids are potent
microtubule—inhibiting agents that act by
depolymerization of tubulin resulting in the
inhibition of mitosis (11). Further, vinca
alkaloids have been reported to affect a
number of cellular systems like the DNA
and RNA synthesis (12), lipid biosynthesis,
cyclic neucleotide metabolism (13),
glutathione metabolism (14) and calmodulin
dependent Ca2+ transport ATPase (15).
VCR due to its comparatively mild
myelosuppressive action is a standard
component of regimens for treating pediatric
leukemias and solid tumors and is frequently
used in adult lymphoma treatment.
Vincristine sulphate has been found to
be active against the hematological
malignancies, Hodgkin's and non—-Hodgkins
lymphoma, Wilm's tumor, neuroblastoma,
brain tumours, rhabdomyosarcoma,
carcinomas of the breast, bladder and the
male and female reproductive systems (16).
To the best of our knowledge, and literature
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search—using web-based search engine
there was no reported experimental study
no the intraperitoneal use of vincristine
therapy in malignant peritoneal effusion.
Therefore the present study was planned to
evaluate the effect of intraperitoneal
vincristine in malignant peritoneal effusion
in mice.

METHODS

Animal care and handling

The animal care and handling was done
according to the guidelines set by the World
health organization, Geneva, Switzerland and
the INSA (Indian National Science Academy,
New Delhi, India). Ten to twelve week old
female Swiss albino mice weighing 24 to 28 g
and healthy Wistar rats of twelves weeks
old weighing 150 to 200 g were selected from
an inbred colony maintained under the
controlled conditions of temperature
(23£2°C), humidity (50+5%) and light (10 and
14 h of light and dark, respectively). The
animals had free access to the sterile food
and water. Three to four animals were
housed in polypropylene cage containing
sterile paddy husk (procured locally) as
bedding throughout the experiment. The
institute animal ethical committee approved
the experiment.

Experimental design:

The animal were then divided into two
groups (n=8/group). One group acted as
control, received 0.01 ml/kg b.wt. of normal
saline intraperitoneally, while the other
group was treated with 0.5 mg/kg body
weight (b.wt) of freshly prepared vincristine
sulphate (1 mg dissolved in 10 ml of sterile
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saline) intraperitoneally, once daily five days
a week consecutively and the volume of the
drug was kept to 0.01 ml/g b.wt.

Experiment no. 1: Induction of

peritoneal effusion

malignant

Tumor model: Ehrlich ascitic carcinoma (EAC)
(Fig 1-A and 1-B)

The EAC tumor was procured from
Cancer Research Institute, Bombay. The
ascitic fluid was drawn using an 18—gauge
needle into sterile syringe. 100 ul (aliquot)
of tumor fluid was tested for microbial
contamination. Tumor viability was
determined by trypan blue exclusion
test and cells were counted using
haemocytometer. The ascitic fluid was
suitably diluted in DMEM (Dolbecco's
modified Eagle’'s medium) to get a
concentration of 10° cells/200 pl of tumor
cell suspension. This was injected
intraperitonially to obtain ascites tumor.
The mice were weighed on the day of tumor
inoculation and then on alternate days. Drug
was administered from 6% day of tumor
inoculation. The following parameters were
used to evaluate the efficacy and safety of
intraperitoneal administration of vincristine
sulphate in mice.

Median survival time (MST) and increase in
life span (%ILS)

Tumor response was assessed on the
basis of Median survival time (MST) and
Increase in life span (%ILS).

MST of treated group - MST of control group X 100
MST of control group

%ILS =

An enhancement of life span by 25% or more
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over that of control was considered as
effective anti-tumor response.

Volume of peritoneal fluid collection

After five days of drug treatment, animals
were sacrificed with cervical dislocation. A
small mid line incision was made on the
abdomen and cut open. Mice were then
placed inverted in a funnel connected to
measuring cylinder and volume of peritoneal
fluid is collected and measured, and
examined cytologically.

Cell viability test (percent of dead malignant
cells in peritoneal fluid)

The aspirated EAC were stained with
trypan blue, and scored in a hemocytometer
(AO Scientific Instruments, Buffalo, NY,
USA), under transmitted light microscope
(Leitz, Germany) and the viable cells were
determined.

Histopathological examination

Kidney, liver, gastrointestinal tract and
bone (femur) were isolated and placed in 10%
formalin and observed under a light
transmitted microscope after staining with
haematoxylin and eosin.

Experimental Gastrointestinal

transit time

desigh no. 2:

A separate experiment was carried out
to study the gastrointestinal transit time in
healthy Wistar rats. The animals were
allowed to fast by withdrawing the food and
water for 18 h. The fasted animals were then
divided into two groups (n=8/group). One
group acted as control, received 0.01 ml/kg
body weight (b.wt.) of freshly prepared
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vincristine sulphate in sterile saline
intraperitoneally, once daily consecutively for
five days and the volume of the drug was
kept to 0.01 ml/g b.wt. Rats were fed 2ml of
test meal by gauge, consisting of 12.5%
charcoal in water and few drops of tween 20
on the sixth day (17). Five minutes later,
animals were anaesthetized by ether.
Laprotomy was done and peritoneal cavity
along with peritoneal fluid was examined and
evaluated both macroscopically and
microscopically. The length of small intestine
from pyloric spinter to the ileocaecal junction
was measured and distance traveled by
the test meal across the length of small
intestine was measured and the data are
expressed as the percent gastrointestinal
transit time.
Statistical analysis

Data of the volume of peritoneal fluid,
Cell Viability and G.1.T motility was analyzed
using Student ‘t’ test and Median Survival
Time by Mann Whitney U test using SPSS
statistical package.

RESULTS

Experimental no. 1: Ehrlich ascitic carcinoma
model response

The median survival time in control
animals was 15 days and the survival range
was 12-16 days while the vincristine sulphate
treatment increased the median survival
time up to 22 days and survival range up to
16-24 days. This increase in the median
survival time between the two groups was
statistically significant. The increase of life
span in the vincristine sulphate treated
group was 46.66 % (Table 1). The vincristine
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TABLE 1:
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Effect of vincristine sulphate on MST, %ILS, Volume of peritoneal

fluid and percent dead malignant cells in EAC model.

Group Amount MST (Days) %ILS Volume of Dead Malignant
(Survival range) peritoneal fluid cells
Mean + SE Mean + SE
Control (normal saline) 0.01ml/g b.wt 15 (12-16) - 2.40+£0.11 11.37+0.9
Vincristine sulphate 0.01ml/g b.wt 22 (16-24) 46.66 1.38+0.14a 29.69+0.14b

(in Normal saline)

N= 8/group; a=P<0.0001Vs control’
MST-Median Survival Time.

%lILS—Percentage increase in life span.
EAC-Ehrlich Ascitic Carcinoma model.

sulphate treatment clearly decreased the
volume of malignant peritoneal fluid by 1.74
folds and the statistical significance was
found to be a = P<0.0001 when compared to

TABLE Il: Effect of vincristine sulphate on
gastrointestinal transit time in rats.

Distnace traveled by

Group
charcoal meal (cms)

(N=8/group) Mean+SE
Control (Normal saline) 23.31+1.58
Vincristine Sulphate 19.84+1.19*

(in Normal saline)

*Nnt <innificant

Fig. 1-A and 1-B:

b=P<0.001Vs control

normal saline treated control (Table I). The
results show tat vincristine treated mice
increased the percent of dead cells by 2.61
fold which was statistically significant b =
P<0.001 when compared to normal saline
treated controls (Table I).

Histopathologica examination

Liver : Histopathological examination of
mice liver in malignant peritoneal
effusion treated with normal salin showed
plates of highly differentiated, large

neoplastic hepatocytes (with prominent
nucleoli and finely aranular cvtoplasm)

Photograph of Swiss Albino Mice bearing Ehrlich Ascitic Carcinoma.
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without discernible hepatic architecture
(Fig. 2-A). But mice liver in malignant
peritoneal effusion treated with vincristine
sulphate showed variable differentiation
and less neoplastic hepatocytes. A large
blood vessel was also evident in center

(Fig. 2-B).

Fig. 2—A: Photomicrograph of mice liver in EAC
treated with normal saline showing plates
of highly differentiated, large neoplastic
hepatocytes (prominent nucleoli and finely
granular cytoplasm) without discernible
hepatic architecture.
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Kidney : Similarly cross section of mice
kidney in control group showed well
differentiated renal cortical carcinoma,
characteristic large clear cells with
inflammatory cells (Fig. 3-A), whereas
vincristine sulphate treated slide showed
moderately differentiated cells with less
inflammatory cells (Fig. 3-B).
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Fig. 2—B: Photomicrograph of mice liver in EAC
treated with vincristine showing plates of
variable differentiation and less neoplastic
hepatocytes. A large blood vessel is also
evident in center.

Fig. 3—A: Photomicrograph of mice kidney in EAC
treated with normal saline showing well
differentiated, renal cortical carcinoma,
and characteristic large clear with
inflammatory cells.

Fig. 3—B: Photomicrograph of mice
EAC treated with vincristine showing
plates of moderate differentiation and less
inflammatory cells.

kidney in
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Bone (femur) : The histological section of
mice bone in both the groups did not
show any major histological changes (Fig. 4-
A and 4-B). In both slides there was a
characteristic mosaic pattern of lammellar
bone units.

Gastrointestinal tract (small intestine):
Intestinal biopsy specimen of control group

Fig. 4—-A: Photomicrograph of mice bone in EAC
treated with normal saline showing
characteristic mosaic pattern of lammellar
bone units.
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showed highly differentiated mucinous
epithelium, dysplastic changes with nuclei
lying near the surface and neoplastic cells
(smaller than normal acinar cells, but have
large nuclei) (Fig. 5-A). The however
vincristine sulphate treated group showed
atrophy of villi, nests and cords of uniform
small, round cells (Fig. 5-B).

Fig. 4-B: Photomicrograph of mice bone in EAC
treated with vincristine did not show
any major histological changes. Note:
characteristic mosaic pattern of lammellar
bone units.

Fig. 5-A: Photomicrograph of mice small intestine in
EAC treated with vincristine showing highly
differentiated mucinous epithelium, dysplastic
changes with nuclei lying near the surface
and neoplastic cells. (smaller than normal
acinar cells but have large nuclei).

mice small

Fig. 5-B: Photomicrograph of
intestine in EAC treated with vincristine

showing atrophy of villi, demonstrates
nests and cords of small uniform, round
cells.
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Experimental no. 2: Gastrointestinal transit

time

Our study suggests that intraperitoneal
administration of vincristine sulphate in
normal rats did not affect the
gastrointestinal transit significantly when
compared to control (Table I1).

DISCUSSION

The present study was aimed to evaluate
the safety and efficacy of vincristine sulphate
in malignant peritoneal effusion when
administered intraperitoneally. Malignant
peritoneal effusion was induced by EAC
tumor cell inoculation. Though EAC model
does not simulate exactly to any of the
known human cancerous condition, it can
be considered as valuable animal model for
dispersed type of carcinoma.

The present study demonstrates that
vincristine sulphate increased death of
malignant cells, thereby reducing the volume
of peritoneal fluid and consequently
increasing the MST of EAC bearing mice.
This may be due to the achievement of
optimum and uniform concentration of
vincristine sulphate in the peritoneal cavity
because of intraperitoneal than the
intravenous administration. Thus vincristine
sulphate might have bound to malignant cells
and inhibited cell proliferation by altering
the dynamics of tubulin addition. This would
have caused arrest of dividing compartment
and thereby reducing the tumor growth. As
a result there was a constant decrease in
the volume of peritoneal fluid and increase
the MST of tumor bearing mice. This
contention is supported by the study of Bleyer
et al who have shown a precise transport
mechanism of this agent from peritoneal
cavity into malignant cells, where the
amount of drug binding increased with
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increasing length of cell exposure to
vincristine in peritoneal cavity (18). However
there may be possibility of false positive
results in control group animals that
received intraperitoneal normal saline in
EAC bearing mice.

This beneficial effect was also further
supported by histopathological examination
of EAC bearing mice liver, kidney and
gastrointestinal tract, which showed reduced
number of neoplastic cells in vincristine
sulphate treated group than the non-drug
treated group. This may be because of
increased intracellular concentration of
vincristine sulphate following intraperitoneal
therapy. The vincristine sulphate may have
accumulated differentially in some malignant
cells and acted on several process that appear
unrelated to microtubules including RNA,
DNA, lipid biosynthesis, cyclic nucleotide,
glutathione metabolism and calmodulin
dependant ATP ase activity (11, 12, 13, 14,
15).

Though there are reports of bone
marrow suppression and paralytic ileus or
adynamic ileuys following intravenous
vincristine therapy (19), however no such
effect was observed when vincristine
sulphate was administered intraperitoneally
in our study. The vincristine sulphate also
did not affect the gastrointestinal transit time
in rats significantly when administered
intraperitoneally. This may be because;
vincristine sulphate may not have been
absorbed from peritoneal cavity and might
have just local action on malignant cells in
peritoneal cavity. Delivery of chemotherapy
into peritoneal cavity has been investigated
in-patients with malignant ascities (20). The
major advantages of intraperitoneal
chemotherapy are pharmacological, where
higher concentration of some of the drugs
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can be delivered to the tumor than could be
safely administered by other routes. The
intraperitoneal administration also enhances
the cytotoxicity by direct drug contact with
the cells in the peritoneal cavity than the
other routes of administration. The use of
very high concentrations and clinical trials
has already established safety and efficacy
of this method of drug delivery.

There is no evidence of carcinogenecity
of mutagenecity following intraperitoneal
vincristine sulphate injection in mice and
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rats (21). Therefore intraperitoneal
administration of vincristine sulphate could
be an acceptable method for treating
malignant peritoneal effusion. Clinical
studies for best methods of administration
and effectiveness for vinca alkaloids on
malignant peritoneal effusion are ongoing
and the results are awaited (22). Our
study may be additional evidence as far
as safety and efficacy are concerned with
regards to intraperitoneal vincristine
sulphate therapy for malignant peritoneal
effusion.
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