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Abstract

In tumor-bearing rats, most of the serum amino acids are used Key words
synthesis and oxidation processes by the neoplastic tissue. In-tMélker 256 tumor
present study, the effect of Walker 256 carcinoma growth on théntestinal absorption
intestinal absorption of leucine, methionine and glucose was investfmino acids

gated in newly weaned and mature rats. Food intake and carca@&icose

weight were decreased in newly weaned (NT) and mature (MT) rafeding

and MC). The tumor/carcass weight ratio was higherin NT thanin MT
rats, whereas nitrogen balance was significantly decreased in both as
compared to control animals. Glucose absorption was significantly
reduced in MT rats (MT = 47.3 £ 49 MC = 99.8 = 5.3 nmol mih

cnrl, Kruskal-Wallis test, P<0.05) but this fact did not hamper the
evolution of cancer. There was a significant increase in methionine
absorption in both groups (NT = 4.2 + 0.3 and MT = 2.0 v9NC
=3.7+0.1 and MC = 1.2 + 0.2 nmol mlien?, Kruskal-Wallis test,
P<0.05), whereas leucine absorption was increased only in young
tumor-bearing rats (NT = 8.6 £ 032 NC = 7.7 = 0.4 nmol mit

cnr?, Kruskal-Wallis test, P<0.05), suggesting that these metabolites
are being used for synthesis and oxidation processes by the neoplastic
cells, which might ensure their rapid proliferation especially in NT
rats.

Cachexiais a poorly understood syndrombeen assumed to occur due to a reduction in
characterized by anorexia, generalized hogrotein synthesis, an increase in protein deg-
wasting and a variety of metabolic alter—radation or both (1). There is a close relation-
ations that result in death. Continued neaship between tumor growth and muscle pro-
plastic growth leads to host cachexia and toteolysis, and the growing tumor is making a
negative nitrogen balance. Rats bearingemand on required nutrients, especially es-
Walker 256 tumor show a decrease in leasential amino acids (2). Tumors have a char-
body mass with an increase in neoplastiacteristically high rate of glycolysis, which is
tissue, and this process is accompanied l@ssential for tumor growth or marginal man-
marked protein degradation in host tissuegestation of malignant transformation. Pro-
(1). The decrease in lean body mass occutein breakdown in skeletal muscle produces
ring in Walker 256 tumor-bearing rats hasranched-chain amino acids, which are oxi-
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dized by host tissues and/or utilized for thé.-leucine, at 37C, pH 7.0, was used for
synthesis process by tumor cells (3). Leucinimtestinal perfusion over a period of 60 min
is an important ketogenic amino acid thaat a flow rate of 0.5 to 1.0 ml/min. Glucose,
provides energy and a substrate for proteimethionine and leucine content in perfused
synthesis in the skeletal musculature, anfluid was determined by spectrophotometric
leucine utilization by tumor cells is very highmethods (8-10). Kruskal-Wallis one-way
compared with normal cells due to the higlanalysis (11) was used to assess the compari-
rate of lipid and protein synthesis (3). In factsons among the groups and the level of sig-
Walker 256 tumor growth causes a markedificance was set at P<0.05.
raise in the daily need for leucine in rats (3). Anorexia is frequently seen in patients
Methionine is an important essential amin@and animals with cancer, leading to cachexia
acid for the protein synthesis, and the growtbf the host (12). In the present study, we
of many tumors depends on the exogenouwsbserved that tumor implantation caused a
methionine supply (4). One important pointmarked reduction in daily food intake by
however, remains to be investigated: doesewly weaned and mature rats (62 and 39%,
Walker 256 tumor growth affect intestinalrespectively) compared with control animals
absorption of amino acids? This is a vernfTable 1). This difference may indicate that
important issue to be investigated which certhe changes produced by tumor growth in
tainly could play a key role in the establishyoung animals are more pronounced than in
ment of cachexia under these conditionsadults. In fact, tumors grow faster in young
The effect of Walker 256 tumor growth onthan in aged patients (5). Studies employing
intestinal absorption of methionine and leuCO/COBS rats bearing Walker 256 tumor
cine was investigated. The absorption ofor 14 days showed a 20% reduction in food
glucose was also examined for comparisorintake and a 15% reduction in body weight
Knowing that tumors grow faster in young(12). In our study, body weight decreased by
than aged subjects (5), the experiments we9% in NT and by 8.3% in MT rats, 13 and
performed on newly weaned and mature rat4.9 days afterimplantation of neoplastic cells,
Newly weaned (25 days old, N = 33) andespectively (Table 1). Decreases in nitro-
mature (90 days old, N = 25) rats werggen balance, calculated by the difference
divided into four groups: newly weaned con-between total nitrogen intake and urinary
trol (NC), mature control (MC), newly and fecal excreted nitrogen (13), were 67.7%
weaned tumor-bearing (NT), and mature tuin NT and 73.3% in MT animals in compari-
mor-bearing (MT) animals. All animals wereson to the control group. During this period,
housed in metabolic cages under normal cothere was a progressive increase in calcu-
ditions (22 + 2C, 12/12 h light/dark cycle), lated tumor weight (14), with a greater tu-
with free access to a semi-synthetic diet anchor/carcass weight ratio in NT (11%) than
water (6). Groups NT and MT were subcutain MT (7.9%), with carcass weight being the
neously implanted with Walker 256 tumordifference between body and tumor weights
(approximately 0.25 x Focells in 0.5 ml). (Table 1). Patients with cancer show a sig-
Control groups (NC, MC) were injected with nificant increase in proteolysis, i.e., twice
0.5 ml 0.9% NaCl. Thirteen and 19 dayghat observed in malnourished patients. This
after tumor implantation, the newly weanedvasting of lean body mass reveals the inca-
and mature groups were submitted to intestpacity to conserve body protein (15). En-
nal perfusion (7) to estimate leucine, mehanced rates of whole body protein turnover
thionine and glucose absorption. Ringer solusontribute substantially to the protein waste,
tion containing 138.7 umol/l glucose, or 167.5as pointed out in several reports using tu-
pmol/l DL-methionine or 190.5 pumol/l mor-bearing experimental animals (1).



Intestinal absorption in tumor-bearing rats

Table 1 - Effect of Walker 256 tumor growth on various parameters of newly weaned and mature rats.

The results are reported as mean + SEM. N = Number of rats. NC, Newly weaned controls; NT, newly weaned
tumor-bearing rats; MC, mature controls; MT, mature tumor-bearing rats. *P<0.05 for comparison of NC or
MC vs NT or MT. *P<0.05 for comparison between NT and MT.

Parameters Groups
NC (N = 15) NT (N = 18) MC (N = 12) MT (N = 13)
Body weight - 1st day (g) 456 = 1.6 452 + 1.4 239 £ 7.2 232 + 8.7
Body weight - last day (g) 88.5 + 2.9 70.8 +£ 1.8* 290 + 6.3 266 + 5.8*
Food intake - 1st day (g) 55 + 0.7 5.6 £ 0.9 212 +£23 21.2 5.0
Food intake - last day (9) 76 £1.7 29 + 2.1* 11.2 £ 15 6.8 + 5.1*
Nitrogen balance - 1st day 144 + 8 158 + 7 509 + 38 556 + 44
(mg nitrogen/24 h)
Nitrogen balance - last day 266 + 16 86 + 17* 195 + 14 52 + 28*
(mg nitrogen/24 h)
Tumor weight (g) 7.7 £ 1.7 21.2 £ 2.2*
Tumor weight as percentage of 11.0 £ 2.2 7.9 £ 2.9
carcass weight - last day (%)
Walker 256 tumor-bearing rats present se-
vere hypoinsulinemia (16), which favors the  _ A
catabolic processes (16). In contrast, food 2 % g9 -
deprivation or starvation rapidly increases § -
. . . Qo c
the ratio of transporting to nontransporting § o
rat small intestinal cells, leading to an in- § 2 T
. - =)
crease in glucose transport per miligram & < i
. 30 T
(17). Wg observed qnly in MT rats a Qe— NC NT MG MT
crease in glucose intestinal absorption
(52.6%) despite a reduction in food intake
observed in both groups (Figure 1). This . . B
. . . . o
decrease in intestinal glucose absorption '*;:ﬁ.; 44
observed in mature tumor-bearing rats does g S
not seem to affect tumor growth. It is pos- § € 5] *%x
sible that processes like hepatic gluconeo- § E
genesis might supply enough glucose for § £ o
tumor growth (2). The intestinal absorption = NG NT MG MT
of amino acids decreased significantly with
the animal age (Figure 1). The reason for this
) C
could be a decrease in the number and/or . 9 ; *
. . - . o o
size of microvilli, or a decrease in the num- = g
. 5 ©
ber of enterocytes and/or brush border carri- g+ 6
ers (18). In addition, a reduced free amino § E
acids (FAA) concentration in the plasma of S g 3 *x
. [TIRCS)
tumor-bearing rats (1) may also affect the = = | ' ._
process of absorption. It is of considerable NC NT MC MT

importance to understand the mechanisms
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Figure 1 - Effect of Walker 256
carcinoma growth on intestinal
absorption of glucose (A), me-
thionine (B) and leucine (C) in
newly weaned and mature rats.
Data are reported as means +
SEM. NC, Newly weaned con-
trol rats (N = 15); NT, newly
weaned tumor-bearing rats (N =
18); MC, mature control rats (N
= 12); MT, mature tumor-bear-
ing rats (N = 13). *P<0.05 com-
pared to NC; **P<0.05 com-
pared to MC (Kruskal-Wallis one-
way analysis).
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underlying the adaptive changes in intestindfrom host tissues to the neoplastic cells,
function in tumor-bearing patients. In fact,where amino acids are being used for the
the absorptive capacity of the small intestinsynthesis and oxidation processes by these
may change in response to a number afeoplastic cells, which might ensure their
physiological and pathological conditions.rapid proliferation under these conditions.
With a low dietary protein level, the trans-Further studies are needed to find out whether
port of essential amino acids was maintainethe absorption of other amino acids such as
or slightly increased by Nadependent and alanine and glutamine is also altered due to
Na*-independent carriers (19). In this rethe presence of the tumor.

spect, we observed a significant increase in

methionine absorption in NT as well as inAcknowledgments

MT rats, whereas leucine absorption in-

creased only in NT rats (Figure 1). Neutral The authors are grateful to Dr. Rui Curi
amino acids transport in the gut may alsdor revising the text and for his critical com-
have an important role in the negative skelments, to Dr. Juvenal Marcondes Neto for
etal muscle nitrogen balance (20). In youn@pis computing assistance and to Ms.
tumor-bearing animals, the elevation in in-Aparecida da Silva Geraldo for her technical
testinal transport of methionine and leucinasupport.

could be associated with their mobilization
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