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EVOLUTION OF SARCOMA 180 IN MICE TREATED WITH
HYPERCHLORINATED WATER

FAUSTO EDMUNDO LIMA PEREIRA
FABIO BENEZATH CHAVES

Mice treated with hyperchlorinated water (50 ppm of chlorine) and control
mice, drinking tap water {1-3 ppm of chlorine) were inoculated with 2.5 x 10° sarcoma
180 cells, by intraperitoneal route. Tumor evolution was measured by enumeration of
tumor cells in peritoneal cavity and by evaluation of weight gain at different time intervals |
after tumor implantation. In mice treated with excessive amounts of chlorine there was
enhancement of tumor growth demonstrated by: (a) shorter incubation period and
increased weight gain (ascites formation) after tumor implantation; (b) increased number
of tumor cells in the peritoneal cavity 2, 3 and 4 days after tumor challenge. The number
of peritoneal cells exsudated after tumor implantation was lower in mice treated with
hyperchlorinated water than in controls. The tumor enhancement observed after excessive
chlorine ingestion would be due to: (a) reduction of the number of peritoneal macro-
phages that mugrate to the peritoneal cavity and (b) reduction of the tumoricidal capacity
of peritoneal macrophages induced by the direct effect of chlorine or by the reduction of
the amount of endogenous endotoxins due to the bactericidal effect of chlorine.

Chlorination of drinking water in colonies of experimental rodents has been

carried out to avoid infection with enieric bacteria, such as peseudomonas, mainly when
the animals are submitted to immunossupressive procedures. The level of chlorine for this
purpose is around 15 parts per million (ppm). Fidler (1977) showed that hyperchlorin-
ation of water could damage macrophage function, regarding their tumoricidal capacity.
This author used an in vitro system to demonstrate the reduced tumoricidai effect of
peritoneal macrophages from mice drinking water with 30 ppm of chlorine.

In this paper we showed that hyperchlorination of water enhances the evolution
of the sarcoma 180 (ascitic tumor) in mice.

MATERIAL AND METHODS

Male, albino, outbred mice, weighting between 25 and 27g, were used for the
experiments, The mice were cage-conditioned and received a commercial diet ad libirum.
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One group of mice (20 in each experiment) received tap water for drinking (1 to
2 ppm of chlorie). Another group (20 mice in each experiment) received water with 1%
dilution of a commercial product used for chemical sterilization (Milton, R. Merriel —
Moura Brasil, Sdo Paulo). The water used contains about 50 ppm of chlorine, evaluated
by the ortho toluene method.

The sarcoma 180 cells were inoculated by intraperitoneal route four weeks after
the beginnig of chlorine ingestion. Each animal received 2.5 x 10° cells of the sarcoma —
180, freshly removed from a mouse with ascitic tumor.

After the tumor implantation, the mice were weighted daily until the 15th day,
when they began to die. The difference between the initial weight (Po, at the day of
tumor inoculation) and the weight in the following days (P) indicates the weight gain
after tumor implantation and thus the ascites production, as demonstrated by Lubiniecki
& Cypess (1975).

For counting the tumor cells in peritoneal cavity after tumor implantation,
groups of five mice were killed after ether anesthaesia, and peritoneal cells were colleted
after injection of 3ml of cold Ringer solution. The cells were counted in a Newbauer
chamber, after dilution in gentian violet 1:1000 in 5% acetic acid solution. During the
counting of tumor cells, the resident exsudated peritoneal cells (macrophages, lymphocy-
tes and neutrophils) were also counted. The differentiation of tumor cells from peritoneal
cells was easy because of the difference in size of these cells. The counting of tumor cells
in peritoneal cavity was performed two, three and four days after tumor implantation.

For the comparison of the results the Student’s t-test was used.

RESULTS

There was a significant difference in weight gain between the two groups. The
control group showed weight gain that was a linear function of time after the 5th day of
tumor implantation. The mice drinking hyperchlorinated water showed a slight reduction
in body weight in the three initial days after tumor challenge but showed an increased
rate of weight gain, higher than in control group, after the 6th day of tumor implant-

ation. The difference in the weight gain between the two groups was significant after the
6th day (Figure I and Table III).

For cheking the evolution of tumor in the initial phase after tumor implantation,
tumor cells were enumerated in the peritoneat cavity 2, 3 and 4 days after tumor implant-

ation. The number of tumor cells was higher in mice drinking hyperchlorinated water
than in controls (Table I).

The number of exsudated cells in peritoneal cavity 2, 3 and 4 days after tumor
implantation was lower in mice drinking hyperchlorinated water (Table II). In control
mice the number of mononuclear cells with morphological characteristics of macrophages
increased after tumor implantation but did not in mice treated with hyperchlorinated

water.

DISCUSSION

Qur results showed that the mice drinking excessive amounts of chlorine have a
reduced resistance against the sarcoma 180. This observation is in agreement with data of
Fidler (1977) that showed in vitro redution cytotoxicity of peritoneal macrophages
from mice drinking a high dose of chlorine, against B16 melanoma and UV — 112 fibro-
sarcoma cells.



EFFECTS OF CHLORINE ON S-180 EVOLUTION IN MICE 211

The fast evolution of the sarcoma 180 in mice drinking hyperchlorinated water
is demonstrated by: (1) a higher number of tumor cells in peritoneal cavity 2, 3 and 4
days after tumor inoculation; this is a demonstration that the number of survivor cells
after the inoculation was higher than in controls; (2) the increased amount of ascitic
fluid produced, indicated by the weight gain after the 6th day of tumor implantation; the
weight gain after tumor inoculation is 2 linear function of time, after a variable incuba-
tion period, and is related to the ascitic fluid produced (Lubiniecki & Cypess, 1975).
The incubation period (the time interval between the tumor inoculation and the start of
ascites formation) is a function of the number of tumor cells implanted. In our experi-
ments the incubation period of control mice was 6.4 £ 0.5 days and was 5.1 + 0.4 days
in mice treated with hyperchlorinated water (Table III).

The slight weight loss observed in the three initial days after tumor challenge in
the group of mice drinking hyperchlorinated water was due to the greater toxic etfect of

tumor cells. In fact, the number of survivor cells in this group was higher than in control
group, as demonstrated by counting the tumor cells 48h after tumor challenge.

There are several possible explanations for this reduced resistence agamst a trans-
plantable tumor observed in mice drinking an excessive amount of chlorine.

One explanation is the reduced tumoricidal capacity of peritoneal macrophages
induced by chlorine ingestion, as demonstrated in vitro by Fidler (1975). There are
demonstrations that chlorine has an inhibitory effect on the hexose monophosphate
shunt (Eaton et al, 1973) and this oxidative pathway of glucose is important for the
tumoricidal capacity of macrophages (Fidler et al, 1976).

Another mechanism would be related to the reduction in the number of macro-
phages that migrate into the peritoneal cavity after tumor implantation. In fact we
showed that the number of peritoneal cells exsudated after tumor challenge was lower in
mice treated with hyperchlorinated water than in controls. Fidler (1977) observed
reduction in migration of macrophages to the peritoneal cavity after thioglycolate imec-
tion in mice drinking hyperchlorinated water. The reduction of macrophages in the
peritoneal cavity after tumor implantation would be an important factor that diminishes

the number of tumor cells that are killed after tumor inoculation.

On the other hand an excessive chlorine ingestion reduces the number of intesti-
nal bacteria, reducing the amount of endogenous endotoxin. There are several demonstra-
tions that endotoxin could render macrophages cytotoxic for tumor cells in vifro (Ale-
xander & Evans, 1971; Currie & Bashman, 1975; Doe & Henson, 1978 and Meltzer et al,
1979). The induction of tumoridicidal activity on macrophages appear to be a general pro-
perty of endotoxins, and determinant event of macrophage activation is the lipid A-ma-
crophage interaction (Doe et al, 1978). Therefore it is possible that low levels of endo-
toxin absorbed from the gut decreases the tumoricidal activity of macrophages in mice

treated with chilorine.

RESUMO

Camundongos tratados com 4dgua hiperclorada (50 ppm de cloro) e camundongos
cantrnlesg ingerindo agua de torneira (3 ppm de cloro) foram inoculados por via 1.p. com
2.5 x 10° células do sarcoma 180. O desenvolvimento do tumor foi medido pela conta-
gem de células tumorais na cavidade peritoneal e pela avalia¢cdo da produgdo de liquido as-
citico através da verificacdo do ganho de peso em diferentes dias apos a implantag&o das
células tumorais. Nos camundongos tratados com dgua hiperclorada houve maior desen-
volvimento do tumor, demonstrado por: (a) menor periodo de incubagdo e maior ganho
de peso (maior formagéo de liquido ascitico) apds a implantagdo do tumor; ( b) mator ni-
mero de células tumorais na cavidade peritoneal 2, 3 e 4 dias apods a implanta¢do do tu-
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mor. O nGmero de células peritoneais exsudadas depois da implantagao do tumor foi
menor nos camundongos tratados com 4gua hiperclorada do que nos animais controles.
O maior desenvolvimento do tumor nos animais tratados com agua hiperclorada poderia
estar telacionado a: (a) redu¢do do nimero de macrofagos que migram para a cavidade
peritoneal e (b) reducgao da capacidade tumoricida dos macrofagos peritoneais induzida
pela agdo direta do cloro ou indiretamente, pela redugdo dos nivels de endotoxina devida

a0 efeito bactericida do cloro.
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Fig. I — Evolution of sarcoma 180 in mice drinking hyperclorinated water (50 ppm of chlnnne) or
tap water (1-3 ppm of chlorine). The mice (20 in each group) were inoculated with 2.5 x 10% cells of
sarcoma 180, by i.p. route, four weeks after chlorine treattnent. Tumor evolution was measured by
evaluation of weight gain (ascites formation) on different days after tumor inoculation. The differen-
ces observed after the 6th day are significant (p <<0.05).

e * = mice treated with hyperchlorinated water

1

mice treated with tap water

TABLE I

Number of tumor cells in the peritoneal cavity of control mice and of mice treated with
an excessive amount of chlorine, in different time intervals after tumor inoculation.

Time after tumor inoculation (days) Z 3 ] 4
Control 490 +1.39 9.03 + 254 17.32 £+ 3.91
Chlorine 3331256 17.25 £3.20 31.36 £ 6.40

L

The results are the mean (X 10°) + one standart deviation of five mice per group.
The differences observed between the two groups are significant (p < 0.05).
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TABLE H

Number of peritoneal cells (macrophages, lymphocytes and neutrophils) exsudated into
the peritoneal cavity in different time intervals after the inoculation of 2.5 x 10° cells of
the sarcoma 180 in control mice and in mice treated with hyperchlorinated water.

Time after tumor inoculation (days) 2 3 4
Control 5.2+0.7 87+12° 13.8+1.1%
Chlorine 5.1x0.8 6.2+0.8 74+1.4

The results are the mean (X 10°) peritoneal cells + one standard deviation of
five mice per group. The differences observed between the two groups are significant on
days 3 and 4 after tumor inoculation (p < 0.5).

TABLE III

Incubation period and mean weight gain/day observed after inoculation of 2.5 x 10°
sarcoma 180 cells in the peritoneal cavity of mice drinking tap water (control} and mice
drinking hyperchlorinated water (chlorine).

Incubation period Mean weight gain/day
(days) (grams)
Control 6.4 £0.5 2.3+04
Chlorine 5104 3.7+£0.7

All the differences observed are significant (p < 0.05).



