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Abstract

In the course of studies on the effects of septal area lesions on
neuroimmunomodulation and Walker 256 tumor development, it was
observed that tumor-induced sodium and water retention was less
marked in lesioned than in non-lesioned rats. In the present study
possible mechanisms involved in this phenomenon were investigated.
The experiments were performed in septal-lesioned (LW; N = 15) and
sham-operated (SW; N = 7) 8-week-old male Wistar rats, which
received multifocal simultaneous subcutaneous (sc) inoculations of
Walker 256 tumor cells about 30 days after the stereotaxic surgery.
Control groups (no tumor, sham-operated food-restricted (SFR), N =
7) and lesioned food-restricted (LFR, N = 10) were subjected to a
feeding pattern similar to that observed in tumor-bearing animals.
Multifocal inoculation of Walker 256 tumor rapidly induces anorexia,
which is paradoxically accompanied by an increase in body weight, as
a result of renal Na+ and fluid retention. These effects of the tumor
were also seen in LW rats, although the rise in fractional sodium
balance during the early clinical period was significantly smaller than
in SW rats (day 4: SW = 47.6 ± 6.4% and LW = 13.8 ± 5.2%; day 5: SW
= 57.5 ± 3.5% and LW = 25.7 ± 4.8%; day 6: SW = 54.4 ± 3.8% and
LW = 32.1 ± 4.4%; P<0.05), suggesting a temporary reduction in
tumor-induced sodium retention. In contrast, urine output was signif-
icantly reduced in SW rats and increased in LW rats (LW up to -0.85
and SW up to 4.5 ml/100 g body weight), with no change in osmolar
excretion. These temporary changes in the tumor�s effects on LW rats
may reflect a �reversal� of the secondary central antidiuretic response
induced by the tumor (from antidiuretic to diuretic).
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Introduction

Human and experimental cancers usu-
ally grow for variable periods of time with-
out disturbing the host�s physiology. How-
ever, once the first signs of homeostatic
disturbances become evident, they show a
rapid, sometimes fulminant evolution (1-4).
The homeostatic disturbances associated with
cancer are usually manifested as alterations
in food and water intake, as well as in water-
electrolyte composition, temperature, neu-
rovegetative functions, immunofunction, and
so on (5-9).

Since the limbic system plays a key role
in regulating the major homeostatic func-
tions, and since the various systemic effects
induced by tumors are initiated suddenly and
simultaneously and are rapidly followed by
irreversible general homeostatic alterations
culminating in the host�s death, it seems
reasonable to suppose that the tumor�s sys-
temic effects could be a consequence of
alteration of limbic system physiology.

Impaired salt-water excretion is a well-
known systemic effect of cancer, and has
been studied in several animal models in-
cluding Walker 256 tumor (5,6,10,11). Re-
cent evidence from our laboratory indicates
that the sodium retention induced by Walker
256 tumor is a primary renal tubular effect
(11) rather than being secondary to adrenal
hyperfunction or salt sequestration by the
growing tumor (12-15).

In the course of studies on the effects of
septal area lesions on neuroimmunomodula-
tion and Walker 256 tumor development, we
observed that tumor-induced sodium and
water retention was less marked in lesioned
than in non-lesioned rats. This finding sug-
gested a role for the septal area in tumor-
induced sodium retention since the septal
nucleus belongs to a supra-hypothalamic re-
gion involved in the behavioral control of
water and sodium balance (16-18). In the
present study, we have investigated the
mechanisms involved in this phenomenon.

The experiments were performed in septal-
lesioned and control (sham-operated) rats
receiving multifocal simultaneous subcuta-
neous (sc) inoculations of Walker 256 tumor
cells. Use of the multifocal tumor model was
critical in this work because it markedly
anticipated and synchronized the onset of
the tumor�s systemic effects.

Material and Methods

Animals and brain surgery

Eight-week-old male Wistar rats were ob-
tained from the UNICAMP Central Animal
House. The rats were anesthetized with ether
and fixed in a stereotaxic instrument for small
animals (Kriegh-Johnson type). Brain lesions
were produced by bilateral aspiration of the
septal area with a cannula (1 mm in diameter)
connected to a vacuum pump. The cannula
was inserted into the brain 1 mm anterior to the
bregma, 1 mm lateral to the midline, at a 5o

angle to the sagittal plane and 6 mm under the
dural surface, based on the stereotaxic coordi-
nates of an atlas of the rat brain (19). When the
cannula was in position, negative pressure (10
mmHg) was applied for 10 s. After surgery,
the rats were handled as during the experimen-
tal period until their recovery (about 30 days),
in order to familiarize them with the subse-
quent procedures that could otherwise be stress-
ful to septal-lesioned animals (20).

At the end of the experiments, the brains
were removed and frozen and coronal sec-
tions were obtained (20-30 µm). The extent
of the lesions was examined in toluidine
blue-stained sections (Figure 1). Control
sham-operated rats were submitted to the
same procedure, except for the vacuum pump
aspiration.

Experimental conditions and parameters
measured

The rats were housed in individual meta-
bolic cages in a temperature-controlled room
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(22 ± 1oC) on a 12-h light-dark cycle and
were provided with a standard rat chow
(Labina, Purina) and tap water ad libitum,
except for the food-restricted groups de-
scribed below. Body weight, food consump-
tion and urine volume, osmolality and Na+

excretion were determined daily. Urinary
sodium levels were measured by flame pho-
tometry and osmolality by cryoscopic point
changes. After natural death, autopsies were
performed and the presence of possible me-
tastases or other macroscopic abnormalities
capable of interfering with the results was
recorded.

Tumor

The Walker-256 line A (originally ob-
tained from the Christ Hospital Line, Na-
tional Cancer Institute Bank, Cambridge,
MA, USA) was donated by Dr. M.C. Cintra-
Gomes (Department of Physiology, IB,
UNICAMP) and was stored in liquid nitro-
gen or grown through consecutive subcuta-
neous (sc) or intraperitoneal (ip) passages.
After at least three consecutive ip passages,
4 x 106 viable ascitic cells, suspended in 0.25
ml of Ringer-lactate, were inoculated sc at
each of eight sites in the dorsolumbar region.

The multifocal tumor model

In the usual experimental studies (one
single sc tumor inoculation/rat), the systemic
effects of tumors initiate unpredictably in
individuals of the same group, between 6
and 40 or more days after inoculation. At this
point, many rats bear large tumor masses and
metastases, the mechanical effects of which
may mask the sudden and rapid develop-
ment of the pathognomonic systemic effects.
Simultaneous multifocal sc inoculations were
performed in the present study in an attempt
to anticipate and synchronize the initiation
of systemic effects among the animals of a
given group. With this procedure, the pathog-
nomonic systemic effects initiate in 100% of

the animals within 3-5 days after tumor cell
inoculation, at which point the animals bear
tiny tumors, but no significant metastases.
This approach does not alter the characteris-
tics and duration of the subsequent final
stages of the illness (10).

Data synchronization

Despite the marked increase in the syn-
chronization of effects provided by the mul-
tifocal tumor model, a significant degree of
non-synchronization still remains since the
systemic effects are not strictly initiated on
the same day, develop very rapidly and pres-
ent two phases (moderate and severe) with
different individual duration. Thus, a simple
averaging of individual daily data would
mask the real information at this critical
stage of the illness. To circumvent this prob-
lem, we employed a �synchronized aver-
age�, similar to that used in physiology to
average parameters such as individual elec-
trocardiograms or nerve action potentials.
Details of this procedure have been described
elsewhere (10).

Data analysis

The results are reported as means ± SEM.
Fractional sodium balances were calculated
daily using the following formula: fractional
Na+ balance = (input-output) x 100/input,
where input is the food intake (g/day) x diet
ion content (mEq/g), and output is the urine
volume (ml/day) x urine concentration (mEq/
ml).

Post-hoc comparisons of means were
performed using the least significant differ-
ence test (planned comparison) among mul-
tiple groups or the Student t-test for two
groups. The level of significance was set at
P<0.05.

Experimental design

The study was performed on 39 animals
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divided into four groups, as follows: SW
(sham-operated Walker), 7 animals; LW (sep-
tal- lesioned Walker), 15 animals; SFR (sham-
operated food-restricted), 7 animals; LFR
(lesioned food-restricted), 10 animals. Food-
restricted animals (no tumor, SFR and LFR
groups) were subjected to a feeding pattern
similar to the average food ingestion ob-
served in tumor-bearing animals during the
hypophagic stage of the disease.

Results

Brain lesion

As expected, aspiration of the septal area
produced a large lesion involving the medial
and lateral (dorsal, intermediate and ventral)
septal nucleus, in addition to part of the
septofimbrial nucleus. In some animals, the
lesion may have included the septohypotha-
lamic nucleus, the triangular septal nucleus,
the septal projection of the fornix and a small
anterior portion of the corpus callosum (Fig-
ure 1).

Tumor and disease evolution

All tumor cell inoculations gave rise to
continuously growing tumors which were
palpable within 2-3 days. Independently of
the group, in the tumor-bearing rats the dis-
ease followed its discontinuous pattern of
evolution (10) with an initial period free of
detectable systemic effects (subclinical pe-
riod; sCP), that was suddenly interrupted by
the symptomatic period (clinical period; CP).
Table 1 shows the average duration of these
periods. The onset of the CP occurred 2-3
days after tumor cell inoculation, independ-
ently of the lesion, and was characterized by
pathognomonic and sudden development of
alterations in fundamental homeostatic
mechanisms, including appetite inhibition
that was paradoxically accompanied by a
gain in body weight due to sodium and fluid
retention. The sudden manifestation and rapid

1.00 mm

0.48 mm

0.20 mm

-0.26 mm

Figure 1 - Septal-lesioned rats.
Top, Toluidine blue-stained coro-
nal section (20-30 µm) and bot-
tom, schematic representation
of brain planes showing the ex-
tent of the lesion, which involved
the medial and lateral (dorsal, in-
termediate and ventral) septal
nucleus, besides part of the
septofimbrial nucleus. In some
rats, the lesion may have in-
cluded the septohypothalamic
nucleus, triangular septal
nucleus, septal projection of the
fornix and a small anterior por-
tion of the corpus callosum.

Table 1 - Average duration (days) of the subclini-
cal (sCP) and clinical (CP) periods and survival
(SV) of rats multifocally inoculated with Walker
256 tumor, sham-operated (SW; N = 7) and sep-
tal-lesioned (LW; N = 15).

The values are reported as the means ± SEM for
the number of rats indicated by N.

SW (N = 7) LW (N = 15)

sCP 3.0 ± 0.2 2.6 ± 0.1
CP 7.7 ± 0.6 7.0 ± 0.3
SV 10.7 ± 0.6 9.6 ± 2.5
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progression of these homeostatic alterations
are illustrated in Figure 2. Body weight in the
LW group did not rise as much as in the SW
group, nor did the sodium excretion decrease
as much in the LW group as in the SW group
during the early days of CP. Thus, SW rats
became significantly different from their non-
tumor-bearing food-restricted controls (SFR)
after the fifth day for body weight (Table 2)
and after the fourth day for sodium excretion
(Table 3), while in the LW group this only
occurred (LW in relation to LFR) after the
sixth day for body weight (Table 2) and after
seventh day for sodium excretion (Table 3).
Significant differences were also observed
between the LW and SW groups at 6-7 days
for body weight and at 4-6 days for sodium
excretion (Figure 2).

Fractional sodium balance

Before the onset of systemic effects (up
to the third day), sodium handling in tumor
bearers was not different from that of food-
restricted rats (SFR and LFR groups) (Figure
3). During this period (sCP), the fractional
sodium balance was approximately 25%, in-
dicating that about 75% of the ingested so-
dium was excreted through the kidneys. Af-
ter the third day, when the systemic effects
became apparent in tumor bearers and food
intake decreased in all groups, the differ-
ences in sodium handling became very
marked. In SFR and LFR rats, the fractional
sodium balance decreased, indicating an in-
crease in the fraction of ingested sodium
excreted through the kidneys, which was
well above 100% after day 7 (Figure 3). This
progressive increase in the relative renal so-
dium excretion which was observed in both
the SFR and LFR groups represented a physi-
ological response to the body weight loss
seen in these animals.

An opposite, non-physiological response
was observed in SW and LW rats when the
fractional sodium balance suddenly started
to increase, indicating that the fraction of
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day 6: SW = 54.4 ± 3.8% and LW = 32.1 ±
4.4%; P<0.05) (Figure 3). All of these results
suggest that during this period a reduction
in tumor-induced sodium retention had
taken place, although later on the full tumor
effect also developed in the septal-lesioned
rats.

Changes in body fluids

Indirect evidence of a change in water
balance accompanying sodium retention was
obtained by observing body weight and urine
volume changes. As shown in Figure 4, food-
restricted rats (SFR and LFR groups) pre-
sented a rise in urine output during CP as a
consequence of the body weight loss seen in
these animals. However, in tumor-bearing
rats, although urine output had been signifi-
cantly reduced in SW rats (up to -0.85 ml/
100 g body weight) and increased in LW rats
(up to 4.5 ml/100 g body weight), both groups
presented a body weight gain which indi-
cated water retention. Figure 5 shows the
fluid retention of the SW and LW groups by
plotting the differences between body weight
of tumor-bearing groups and their respective
controls (SW minus SFR and LW minus
LFR).

Osmolar excretion

The fractional sodium balances and indi-
rect water balances just presented show that
during the initial days of the systemic effects
LW rats retained less sodium and excreted
more urine than tumor-bearers that were not
lesioned (SW). To determine whether an
alteration in the glomerulo-tubular balance
could account for the reduction in tubular
sodium reabsorption in these animals, osmo-
lar excretion was assessed (Table 4). There
was no increase in osmolar excretion during
the CP of the disease in any group, indicating
that only water diuresis, and not osmotic
diuresis, had occurred in rats of the LW
group.

Table 2 - Body weight (%) from the fourth to the seventh day after tumor cell
inoculation in sham-operated tumor-bearing (SW; N = 7) and septal-lesioned
tumor-bearing (LW; N = 15) rats.

Data are compared to their respective non-tumor-bearing controls, i.e., sham-
operated food-restricted (SFR; N = 7) and septal-lesioned food-restricted (LFR; N
= 10) rats. abc P<0.05 (least significant difference test, SW x SFR and LW x LFR).

Day Body weight (%)

SW (N = 7) SFR (N = 7) LW (N = 15) LFR (N = 10)

4 101.8 ± 0.6 100.5 ± 0.4 99.8 ± 0.5 100.5 ± 0.4
5 102.2 ± 1.0a 98.7 ± 0.3a 100.2 ± 0.9 99.2 ± 0.2
6 104.0 ± 1.0ac 97.1 ± 0.3a 101.9 ± 0.7bc 98.1 ± 0.3b

7 105.3 ± 1.1ac 95.3 ± 0.3a 102.7 ± 1.1bc 97.4 ± 0.3b

Table 3 - Renal sodium excretion (mmol/day) from the fourth to the seventh day
after tumor cell inoculation in sham-operated tumor-bearing (SW; N = 7) and
septal-lesioned tumor-bearing (LW; N = 15) rats.

Data are compared to their respective non-tumor-bearing controls, i.e., sham-
operated food-restricted (SFR; N = 7) and septal-lesioned food-restricted (LFR; N
= 10) rats. abc P<0.05 (least significant difference test, SW x SFR and LW x LFR).

Day Renal Na+ excretion (mmol/day)

SW (N = 7) SFR (N = 7) LW (N = 15) LFR (N = 10)

4 1.4 ± 0.2ab 2.8 ± 0.2a 2.6 ± 0.2b 2.1 ± 0.1
5 1.1 ± 0.1ab 2.8 ± 0.2ac 1.9 ± 0.1b 2.3 ± 0.1c

6 1.3 ± 0.2ab 2.5 ± 0.2a 1.8 ± 0.1b 2.2 ± 0.1
7 1.3 ± 0.2a 2.2 ± 0.1a 1.4 ± 0.1b 2.1 ± 0.1b

sodium excreted through the kidneys de-
creased to values close to 40%. Neverthe-
less, the rise in fractional sodium balance
during the early days of CP was smaller in
LW than in SW rats, since SW rats became
significantly different from their non-tumor
food-restricted controls (SFR) by the fourth
day after tumor cell inoculation (SW = 47.6
± 6.4% and SFR = 4.5 ± 8.3%; P<0.05),
while in the LW group (LW in relation to
LFR) this only occurred after day 5 (LW =
25.7 ± 4.8% and LFR = 10.5 ± 3.9%; P<0.05).
Besides, the fractional sodium balance of the
LW group was significantly lower than in
the SW group from day 4 to 6 (day 4: SW =
47.6 ± 6.4% and LW = 13.8 ± 5.2%; day 5:
SW = 57.5 ± 3.5% and LW = 25.7 ± 4.8%;
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Autopsy findings

Autopsies revealed only incipient lymph
node metastases that could not have inter-
fered with the present results.

Discussion

Tumor and disease evolution

In the present study we confirmed that,
although the time course of Walker 256 tu-
mor followed its usual pattern of evolution
(10) with an sCP and CP in both SW and LW
rats, in the latter animals tumor-induced so-
dium and water retention was temporarily
reduced. The multifocal tumor inoculation
model was fundamental to this study since
it dramatically hastened the onset of
tumor effects and abrogated individual dif-
ferences in the time course of the disease. In
contrast to single site tumor inoculation (10),
the tumor started very early in all animals,
independent of the presence of septal le-
sions. At this stage the mechanical effects of
tumor masses or metatases were insignifi-
cant, allowing the effects observed to be
interpreted as systemic or remote effects of
the tumor.

Effect of septal lesions on tumor-induced
alterations in water and electrolyte balances

The simple analysis of the time course
changes in body weight and sodium excre-
tion in intact, sham-operated and septal-
lesioned rats confirmed that the tumor had
a reduced effect on salt-water balance in
the last group (Figures 2 and 5). In SW
rats, tumor-induced anorexia was paradoxi-
cally accompanied by a body weight gain
because of sodium and water retention
(10,11), while in LW animals the initial ef-
fect on sodium and water retention was tem-
porarily reduced. As expected, SFR and
LFR animals showed a reduction in body
weight.
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Possible mechanism of temporary reduction
in sodium reabsorption in LW rats

Since the osmolar excretion did not in-
crease in LW rats (Table 3), it seems unlikely
that an alteration in the glomerulo-tubular
balance could account for the reduction in
sodium reabsorption in these rats. Thus, the
elevated urine output in LW rats observed
during CP reflected an increased water ex-
cretion (water diuresis). Furthermore, it seems
reasonable to suppose that the decrease in
sodium and fluid reabsorption in septal-
lesioned rats could reflect the development
of a secondary diuretic response which would
be a �reversal� of the secondary antidiuretic
response seen in SW rats (10,11). In this case
antidiuretic hormone (ADH) may be in-
volved. The main effect of ADH is water

retention, but this hormone also induces some
sodium retention (21). Thus, in intact rats,
ADH may potentiate the tumor-induced so-
dium retention, while in lesioned rats, inhi-
bition of ADH release due to the lesion
would result in a large volume of diluted
urine accompanied by a reduction in sodium
reabsorption.

In our working hypothesis, one or more
humoral factors of tumoral origin would in-
duce renal Na+ retention which would el-
evate the plasma Na+ concentration followed
by water retention (10,11). In fact, during CP
we have found a significant rise in plasma
Na+ concentration in multifocally inoculated
rats when compared with food-restricted
controls (plasma [Na+] in tumor-bearing rats
= 156 ± 2.3 and in food-restricted controls =
142 ± 2.6, P<0.01; Rettori O, unpublished
data). Thus, we suppose that this combina-
tion might lead to conflicting physiological
signals for ADH release when a high extra-
cellular Na+ concentration (and osmolality)
acting through hypothalamic receptors in-
duces ADH release, while a high extracellu-
lar volume acting through the vascular vol-
ume receptor would lead to ADH inhibition.
In SW rats, the net result would be a rise in
ADH (low volume of concentrated urine
accompanied by some sodium retention),
while in LW rats the result would be a marked
ADH inhibition (large volume of diluted
urine with some decrease in Na+ reabsorp-
tion), possibly as a result of lesions in the
septal area pathways involved in ADH re-
lease (22). This proposition supports the
hypothesis described previously that one sep-
tal role in water regulation is to stimulate
supraoptic cells during dehydration which
then release more ADH, causing the animal
to conserve water (23). To confirm our propo-
sition, future experiments with ADH con-
centration studies should be planned.

Conclusion

Sodium and fluid retention induced by

Table 4 - Comparison of osmolar excretion
(mOsm/day) during the clinical period (CP; aver-
age of values obtained on days 5 to 7) and the
subclinical period (sCP) in septal-lesioned tumor-
bearing (LW; N = 15), sham-operated tumor-bear-
ing (SW; N = 7), sham-operated food-restricted
(SFR; N = 7) and septal-lesioned food-restricted
(LFR; N = 10) groups.

sCP CP
(mOsm/day)

SW (N = 7) 35.2 ± 2.1 33.3 ± 2.9
SFR (N = 7) 35.4 ± 2.8 36.3 ± 2.3
LW (N = 15) 45.3 ± 2.1 41.3 ± 1.6
LFR (N = 10) 32.6 ± 2.1 31.1 ± 1.7
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the Walker 256 tumor was temporarily re-
duced in animals with septal area lesions.
This effect was possibly a result of an inhibi-
tion of ADH release caused by the lesion
rather than the elimination of a tumor-in-
duced antinatriuretic effect.
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