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bstract

Weanling female Wistar rats were supplemented with fish oil (1 g/kg body weight) for one generation. The male offspring rec
ame supplementation until to adult age. Rats supplemented with coconut fat were used as reference. Some rats were
ubcutaneously with a suspension (2� 107 cells/mL) of Walker 256 tumor. At day 3, when the tumor was palpable, rats were treate
aproxen (N) (0.1 mg/mL), clenbuterol (Cb) (0.15 mg/kg body weight), and insulin (I) (10 U/kg body weignt). At day 14 afte

noculation, the animals were killed. Tumor was removed and weighed. Blood, liver, and skeletal muscles were also col
easurements of metabolites and insulin. In both tumor-bearing untreated rats and tumor-bearing rats supplemented with cocon
rowth, triacylglycerol, and blood lactate levels were higher, and glycogen content of the liver, blood glucose, cholesterol a
holesterol levels were lower as compared with the non–tumor-bearing and fish oil supplemented groups. Fish oil supplem
umor-bearing rats led to a partial recovery of the glycogen content in the liver and a full reversion of blood glucose, lactate, ch
nd HDL-cholesterol levels. The treatment with N plus Cb plus I attenuated cancer cachexia and decreased tumor growth in bo

at and fish oil supplemented rats. In conclusion, chronic fish oil supplementation decreased tumor growth and partially recovere
his beneficial effect of fish oil supplementation was potentiated by treatment with naproxen plus clenbuterol plus insulin. © 200

nc. All rights reserved.

eywords: Cancer cachexia; Tumor growth; Walker 256 tumor; Fish oil; Insulin; Clenbuterol; Naproxen
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. Introduction

Cachexia is characterized by intense peripheral ca
ism with depletion of carbohydrate, lipid and protein sto
nd weight loss. Most cancer patients (20–70%) die
achexia as the primary cause, depending on tumor
1�3]. However, as a result of the multifactorial etiolo
nvolving immune-metabolic pathways, the basic me
isms that induce cancer cachexia remain still unkn

4�7]. Several proinflamatory cytokines, including tum
ecrosis factor (TNF), interleukin-1 (IL-1), interleukin
IL-6), interferon-� [8], low plasma levels of insulin[9],

* Corresponding author. Tel.: (41) 361-1447; Fax: (41) 266-2042

E-mail address: lcfer@ufpr.br (L.C. Fernandes).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved
oi:10.1016/j.jnutbio.2004.02.002
igh plasma levels of glucagon, cortisol, catecholam
10], vasopressin, and prostaglandin E2[11] have bee
ostulated to play a key role in the establishment of ca
achexia. Reversion of cachexia and inhibition of tu
rowth are required for a successful cancer treatment

empts to reverse cachexia in cancer patients have
harmacological approaches to increase food intake a
educe tumor growth.

Over the past 150 years, there was a substantial inc
n the consumption of saturated and n-6 polyunsatur
atty acids and a reduction in that of n-3 polyunsatur
atty acids (PUFA)[12]. This change in Western dieta
abits has been correlated with an increase in the dev
ent and tumor growth[13�15]. Epidemiological and ex
erimental studies have shown that n-3 PUFA have
.
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bility to chemoprevent and to chemosuppress tumor
rowth [16�20]. Fish oil (rich in n-3 PUFA) administration
educes the production of cytokines such as IL-6 and TNF
n healthy individuals [21,22] and in patients with pancre-
tic cancer [23]. Barber et al. reported normalization of
etabolic response to feeding in pancreatic cancer-bearing

atients supplemented with fish oil [24].
Insulin administration to Walker 256 tumor-bearing rats

an partially reverse cachexia and reduce tumor growth
25,26]. Under conditions of low plasma insulin levels, as in
lloxan-induced diabetic rats, tumor grows faster than in the
ontrol group [25]. Walker 256 tumor growth causes im-
ortant changes in glucose, glutamine, and pyruvate metab-
lism in isolated lymphocytes [27] and macrophages [28].
nsulin may act on the metabolism of these cells to improve
heir function, thus causing deceleration or even regression
f tumor growth [27].

Clenbuterol, a �2 adrenergic agonist, has been shown to
ncrease muscle mass [29] and to decrease total body fat in
ormal subjects and hypermetabolic rats [30,31] and to
etard atrophy in denervated muscles [32]. In tumor-bearing
ats, clenbuterol has shown a muscle-sparing effect when
iven in association with total parenteral nutrition [33].
talion et al. [34,35] reported that even in the presence of a

arge tumor burden, �2 adrenergic agonist reverses muscle
epletion and muscle breakdown.

Prostaglandins (PG) play an important role in cell growth
ither in vitro or in vivo. A large amount of PGE2 has been
ound in tumor tissues and in plasma from cancer patients
36]. PGE2 causes important metabolic alterations and has
een implicated in the development of cachexia [11]. In-
ibitors of PG biosynthesis has been found to induce a
arked decrease of tumor growth [37], cancer cachexia

38], metastasis [39], and the survival [40] of animals bear-
ng several types of tumors.

As mentioned above, insulin, clenbuterol, and PGE2

ave been shown to improve cachexia and to reduce tumor
rowth but there is no report on their association to treat
ancer. This may suggest a good strategy for cancer treat-
ent.
In most studies carried out to investigate the effect of

ietary fatty acids on tumor growth, the animals were fed
ith a particular diet for a short period of time before or

fter tumor implantation. A more likely scenario, however,
s a dietary regimen being given for lifelong starting from
onception. We are not aware of any study that has inves-
igated the effect of lifelong consumption of a particular
atty acid rich diet on tumor growth and cancer. In this
tudy, coconut fat (saturated fat) and fish oil (n-3 PUFA)
ere given to female rats throughout pregnancy and lacta-

ion and to their male offspring after weaning. Walker 256
umor growth and cancer-cachexia were evaluated in adult-
ood of male rats. The effect of fish oil supplementation
ssociated with the treatment with naproxen (PG inhibitor),
lenbuterol, and insulin was also examined. Body weight

ain, tumor weight, blood levels of insulin, glucose, lactate, d
holesterol, HDL-cholesterol, total lipids, triacylglycerol,
nd glycogen content of the liver, soleus muscle, and gas-
rocnemius muscle were determined. The thiobarbituric acid
eactive substances (TBARS) content of tumor was deter-
ined to evaluate the possible involvement of lipid peroxi-

ation in the effect of fish oil and coconut fat supplemen-
ation.

. Methods and materials

.1. Study design

The National Animal Ethics Committee approved this
tudy. Weanling female Wistar rats (aged 21 days) were
aintained under controlled temperature (23°C), humidity

nd 12-hour light, 12-hour dark cycle and were divided into
hree groups. One group received a normal chow diet ad
ibitum (control rats), and the other two groups were orally
upplemented with either saturated coconut fat (S) or fish oil
ich in n-3 PUFA (P). The fish oil used was a mixed marine
riacylglycerol preparation containing 180 g eicosapenta-
noic acid and 120 g docosahexaenoic acid/kg. The oil and
at were daily given as a single bolus at a dose of 1 g/kg
ody weight. At the 90 days of age, the female were mated
ith male Wistar rats that had been fed on a normal labo-

atory chow. Females continued to receive fat and oil sup-
lementation throughout gestation and lactation. After
eaning (21 days age), the male offspring received the same
iet and supplementation as their mothers. At 90 days of
ge, half of each group was injected in the right flank with
sterile suspension of 2 � 107 Walker 256 tumor cells

btained from an ascitic tumor-bearing rat. At day 3, when
he tumor was palpable, some animals were treated with
aproxen (N) added to drinking water (0.1 mg/mL), clen-
uterol (Cb) (0.15 mg/kg) daily injected subcutaneously, as
ell as insulin (I) NPH U-100 (10 U/Kg) also injected

ubcucaneously and given every 2 days to avoid death by
ypoglycemia. The following 12 groups were set up: non–
umor-bearing (C, control), non–tumor-bearing supple-

ented with coconut fat (S) or fish oil (P), Walker 256
umor-bearing rats receiving regular chow (W), tumor-bear-
ng supplemented with S (WS) or P (WP), tumor-bearing
upplemented with S or P and treated with naproxen (WSN
r WPN), with naproxen plus clenbuterol (WSNCb or
PNCb), and with naproxen plus clenbuterol plus insulin

WSNCbI or WPNCbI). Body weight was regularly deter-
ined during the feeding period. At day 14 after tumor

mplantation, the animals were killed by decapitation with-
ut anesthesia. Tumor and heart were removed and their
eight determined. Blood was collected for the measure-
ent of glucose, lactate, cholesterol, HDL-cholesterol, tri-

cylglycerol, and total lipids. The liver, soleus muscle and
hite portion of gastrocnemius muscle were removed for

etermination of the glycogen content.



2

C
o
f
z
g
f

2

g
[
P
5
(
t
r
5
d
q
s
(
t
c
m
d

2

c
a
t
a
g
A
(
d
b

2

t
t
t
p
t
H
b
m
1
t

u
i

2

b
(

2

w
T
s

3

c
g
a
c
2
N
(
a
b
p
i
T
a

w
s
a
(
(
w
(

n
p
g
t
l
p
w
b
f
c
c
c
g

360 J.A. Pinto, Jr., et al. / Journal of Nutritional Biochemistry 15 (2004) 358–365
.2. Chemicals, oils, drugs, enzymes, and hormones

Chemicals and enzymes used were obtained from Sigma
hemical Co. (St. Louis, MO, USA). Fish oil MaxEpa was
btained from Seven Seas (Hull, England, UK), naproxen
rom Syntex Corporation (Roche, Rio de Janeiro-RJ, Bra-
il), clenbuterol was kindly donated by Boehringer In-
elheim (São Paulo-SP, Brazil) and insulin was obtained
rom Biobrás (Montes Claros-MG, Brazil).

.3. Blood metabolite determination

Serum glucose concentration was determined by using a
lucose oxidase–based assay kit as described by Trinder
41] and quantified in spectrophotometer (Ultrospec 3000,
harmacia Biotech, USA) by measuring the absorbance at
05 nm. Serum total cholesterol (Co) and HDL-cholesterol
HDL-C), and triacylglycerol (TAG) were measured using
he methods described by Jung et al. [42] and Young [43],
espectively, and quantified by measuring the absorbance at
00 nm (Co, HDL-C) and 540 nm (TAG). Total lipids were
etermined using the method described by Henry [44] and
uantified in spectrophotometer at 530 nm. For lactate as-
ay, serum (0.5 ml) was added to 0.1 mL of perchloric acid
25%) and left for 10 minutes at 4°C, followed by a cen-
rifugation at 3000 � g for 5 min. The supernatant was
ollected and neutralized with Tris/KOH (2 mol/L/0.5
ol/L) and the concentration of lactate was determined as

escribed by Engle and Jones [45] at 340 nm.

.4. Glycogen content of the liver and skeletal muscles

Accurately weighed pieces of liver, gastrocnemius mus-
le and soleus muscle (0.07 g) were put into 0.5 mL KOH
queous solution (1 mol/L) and left for 20 min at 70°C for
issue digestion. After that, a digested sample (0.1 mL) was
dded to 0.5 mL triethanolamine buffer containing amylo-
lucosidase and incubated for 2 h at room temperature.
fter centrifugation (800 � g for 5 min), the supernatant

0.2 mL) was added to 1 mL of glucose assay buffer as
escribed by Fernandes et al. [25]. Glycogen was quantified
y measuring the absorbance at 340 nm.

.5. Determination of products of lipid peroxidation

The products of lipid peroxidation were measured as
hiobarbituric acid reactive substances (TBARS) following
he method described by Winterbourn et al. [46]. Briefly,
umor tissue was extracted in phosphate buffer (0.1 mol/L)
H 7.4. The extract (0.5 mL) was then mixed with 0.5 mL
hiobarbituric acid (1% in NaOH 50 mmol/L) and 0.5 mL
Cl 25%. The samples were then heated in a boiling water
ath for 10 min and after cooling were extracted with 1.5
L butanol. The mixture was centrifuged at 12,000 � g for

0 minutes and the absorbance of the supernatant was de-

ermined at 532 nm. Thiobarbituric acid reacts with prod- c
cts of lipid peroxidation, mainly malondialdeyde, produc-
ng a colored compound [47].

.6. Protein determination

Protein content of the tissue homogenates was measured
y the method of Bradford [48] using bovine serum albumin
BSA) as standard.

.7. Statistical analysis

Data are presented as mean � SEM. Statistical analysis
as performed by one-way ANOVA followed by a post hoc
ukey test. The value of P � 0.05 was taken to indicate
tatistical significance.

. Results

The body weight gain of the rats supplemented with
oconut fat or fish oil was similar to that of the control
roup (Table 1). However, the presence of the tumor caused
significant decrease of body weight (by 20 g). In the

oconut fat supplemented group (WS), tumor weight was
4.5 g, and the body weight remained low (by 26 g).
aproxen treatment of coconut fat supplemented rats

WSN) decreased tumor weight by 20 g (from 29.5 to 9.4 g)
nd increased body weight by 20 g. The inclusion of clen-
uterol (WSNCb) and insulin (WSNCbI) to the treatment
rovoked a tumor weight decrease by 9.2 g and 8.3 g and an
ncrease of body weight by 15 g and 33 g, respectively.
hese values were also statistically different from the W
nd WS groups (Table 1).

In rats supplemented with fish oil (WP), tumor weight
as 8 g and the body weight increased by 12 g, both were

tatistically different from the W group (Table 1). The
ssociation of naproxen (WPN), naproxen plus clenbuterol
WPNCBI), and naproxen plus clenbuterol plus insulin
WPNCBI) did not induce a further reduction in the tumor
eight and in the body weight gain as compared with WP

P � 0.05) but these results were different from W rats.
Rats supplemented with coconut fat (S) or fish oil (P) did

ot show any change in the liver glycogen content as com-
ared with control (C) (Table 2). On the other hand, glyco-
en content of the liver was decreased by 60% in the
umor-bearing rats as compared with C (P � 0.05). The
iver glycogen content was 13% lower in WP rats as com-
ared with the C group but it was 38% higher as compared
ith the W group. The administration of naproxen to tumor-
earing rats supplemented with fish oil (WPN) induced a
ull recovery of the liver glycogen content. The inclusion of
lenbuterol and insulin to the treatment (WPNCb) did not
hange this metabolite any further. It is noteworthy that the
ombination of the three agents markedly increased the liver
lycogen content regardless the supplementation with either

oconut fat or fish oil (WSNCbI and WPNCbI).



Table 1
Body weight, tumor, and carcass weight (g) of rats from the groups: control (C), supplemented with coconut fat (S) or fish oil (P), Walker 256 tumor-bearing rats (W), tumor-bearing suplemented with
fat or oil and treated with naproxen (WSN or WPN), naproxen plus clenbuterol (WSNCb or WPNCb), or naproxen plus clenbuterol plus insulin (WSNCb1 or WPNCb1)

Group Non–Tumor-Bearing Tumor-Bearing

C S P W Coconut Fat Fish Oil

WS WSN WSNCb WSNCbI WP WPN WPNCb WPNCbI

Initial body weight
(g)

325.8 � 15.2 315.6 � 10.3 334.3 � 8.8 340.8 � 11.2 322.9 � 7.4 307.3 � 14.6 308.2 � 27.2 349.6 � 7.1 290.2 � 18.3 344.0 � 16.3 334.3 � 15.4 345.0 � 16.9

Final body weight (g) 348.6 � 15.9 344.3 � 8.7 356.3 � 9.4 345.8 � 10.8 321.5 � 9.5 336.1 � 12.7 332.0 � 24.2 390.4 � 3.3 310.0 � 18.4 372.1 � 17.3 367.4 � 16.6 386.7 � 22.2
Tumor weight (g) 29.5 � 2.3 24.5 � 1.4 9.4b,c � 1.4 9.2b,c � 1.7 8.3b,c � 1.2 8.0b � 1.9 6.5b � 1.4 4.3b � 0.7 6.7b � 1.6
Carcass weight (g) 320.9 � 10.3 296.5 � 10.4 326.8 � 13.1 322.8 � 23.1 382.1 � 2.8 302.0 � 19.5 366.2 � 15.9 363.0 � 16.5 380.0 � 22.2
Weight change (g)

(Carcass weight-
initial body weight)

22.8 � 2.9 287 � 3.6 22.0 � 3.6 �19.9a � 5.5 �26.4a � 5.7 19.5b,c � 3.4 14.6b,c � 4.5 32.5b,c � 14.7 11.8b � 2.2 22.2b � 4.6 28.7b � 2.6 35.0b � 5.7

Results are presented as mean � SEM.
a P � 0.05 as compared to non–tumor-bearing rats.
b P � 0.05 as compared to W.
c P � 0.05 as compared to WS.

Table 2
Glycogen content in the liver, soleus muscle, and white portion of gastrocnemius muscle (�mol per g tissue ww) in the groups: control (C), supplemented with coconut fat (S) or fish oil (P), Walker 256
tumor-bearing rats (W), tumor-bearing supplemented with fat or oil and treated with naproxen (WSN or WPN), naproxen plus clenbuterol (WSNCb or WPNCb), and naproxen plus clenbuterol plus
insulin (WSNCb1 or WPNCb1)

Group Non–tumor-bearing Tumor-Bearing

C S P W Coconut Fat Fish Oil

WS WSN WSNCb WSNCb1 WP WPN WPNCb WPNCb1

Liver 101.9 � 12.61 107.6 � 14.08 111.0 � 12.55 64.89a � 5.20 65.08 � 5.03 144.6b,c � 23.67 166.1b,c � 21.04 190.5a,b,c � 29.44 89.41b � 2.57 167.9b,d � 24.32 155.8b,d � 24.10 201.1a,b,d � 28.00
Soleus 27.39 � 1.13 29.19 � 1.29 34.17e � 1.56 21.60a � 1.38 22.55 � 1.61 37.10b,c � 1.55 51.81b,c � 6.06 49.61b,c � 5.00 31.49b � 2.23 53.17a,b,d � 5.24 42.26a,b,d � 4.43 62.72a,b,d � 4.52
Gastro-

cnemius
41.41 � 4.20 42.22 � 3.96 44.01 � 3.74 30.40a � 2.13 31.51 � 1.86 39.29b,c � 2.92 44.38b,c � 5.49 43.00b,c � 3.46 40.17b � 2.39 42.25b � 2.89 41.45b � 3.64 47.94b � 3.58

Results are presented as mean � SEM.
a P � 0.05 as compared to non–tumor-bearing rats.
b P � 0.05 as compared to W.
c P � 0.05 as compared to WS.
d P � 0.05 as compared to WP.
e P � 0.05 as compared to control.
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As compared with C rats, the glycogen content of soleus
uscle was increased by fish oil supplementation, whereas

oconut fat had no effect. The W group had a significant
ecrease (by 22%) of the glycogen content of soleus muscle,
s compared non–tumor-bearing animals, but it was not
hanged by coconut fat supplementation. Treatment with
aproxen (WSN), naproxen plus clenbuterol (WSNCb), and
aproxen plus clenbuterol plus insulin (WSNCbI) induced a
emarkable increase in the glycogen content of soleus mus-
le. WP rats had the soleus muscle glycogen content re-
tored to control values. The combination of fish oil sup-
lementation with naproxen (WPN), naproxen plus
lenbuterol (WPNCb), and naproxen plus clenbuterol plus
nsulin (WPNCbI) induced a significant further increase.

The supplementation with coconut fat or fish oil did not
odify the glycogen content of gastrocnemius muscle in

on–tumor-bearing rats as compared with controls. In
alker 256 tumor-bearing rats, however, it was signifi-

antly lowered. Saturated fat supplementation did not
hange the glycogen content of gastrocnemius muscle,
hereas the administration of naproxen (WSN), naproxen
lus clenbuterol (WSNCb), naproxen plus clenbuterol plus
nsulin (WSNCbI) restored it to control values. Fish oil
upplementation (WP) by itself restored the glycogen con-
ent of gastrocnemius muscle to control values. Treatment
ith naproxen (WPN), naproxen plus clenbuterol

WPNCb), and naproxen plus clenbuterol plus insulin
WPNCbI) did not cause any further increase.

Supplementation of non–tumor-bearing with coconut fat
r fish oil did not change cholesterol (Co), HDL-cholesterol
HDL-C), triacylglycerol (TAG), total lipids, lactate, glu-
ose, and insulin as compared with control rats (Table 3).
he presence of the tumor (W) significantly decrease all
easurements, except for cholesterol and total lipids that

emained similar to non–tumor-bearing animals. The con-
entration of the metabolites and insulin in plasma of tumor-
earing rats was not changed by coconut fat supplementa-
ion. The administration of naproxen (WSN), naproxen plus
lenbuterol (WSNCb), naproxen plus clenbuterol plus insu-
in (WSNCbI) restored all measurements to control values.
ish oil supplementation (WP) fully abolished the changes

nduced by the tumor and the pharmacological treatment did
ot cause any additional effect.

The content of TBARS in the tumor tissue was not
ifferent among the groups studied. The values were of 8
mol/mg protein of the tumor tissue for all groups (data not

hown).

. Discussion

Tumor-bearing rats (W) and tumor-bearing supple-
ented rats with coconut fat (WS) showed a significant

ecrease in body weight, glycogen content in the liver and
keletal muscles, blood glucose, HDL-cholesterol, and in-

ulin levels and an increase in plasma lactate (Tables 1–3).
 T S o c G C H T T L G I
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hese results confirm the establishment of cachexia
11,25�27]. Epidemiological studies have shown a link
etween fat-rich diets and the incidence of cancer [49].
educed risk of cancer in colon, breast, and prostate has
een associated with low fat intake and diets rich in n-3
atty acids [50]. Diets rich in n-6 PUFA have been shown to
romote an increase in cancer risk [51�53]. Supplementa-
ion with fish oil (WP) for one generation caused a marked
ecrease in tumor growth and an improvement of cachexia.
he increase in the amount of fat in the diet by only 0.1%

s quite different from other studies that used between 8%
nd 20% of n-3 PUFA [54]. Also, the effect of a chronic
upplementation of fish oil for F1 generation was not pre-
iously performed. Interestingly, this small dose of n-3
UFA given for one generation caused remarkable benefi-
ial effects on tumor growth and cachexia. The mechanisms
nvolved however are still unclear. Modification in prosta-
landin biosynthesis, cyclooxygenase-2 activity, angiogen-
sis, modulation of immune cell function, and lipid peroxi-
ation in the tumor has been suggested to play a role
19,55]. The lytic effects of n-3 PUFA on cultured tumor
ells are correlated with the degree of lipid peroxidation
56�58]. However, the content of lipid peroxidation prod-
cts (TBARs) of the tumor was not changed by the treat-
ents imposed. Thus, the beneficial effects of the fish oil on
alker 256 tumor-bearing rats are not mediated by causing

ipid peroxidation of the neoplastic tissue.
Prostaglandins favor tumorigenesis and are found at high

mount in tumors as compared with normal tissues from
hich cancers arise [59,60]. Walker 256 tumor-bearing rats

how high plasma levels of prostaglandin E2 that have been
ssociated with tumor growth [11]. PGE2 mediates tumor
urvival by inhibiting tumor cell apoptosis and inducing
umor cell proliferation [61]. In addition, PGE2 alters cell
orphology and increases cell motility and migration re-

ulting in tumor progression [62]. The immune system plays
n important role in tumor response. PGE2 stimulates the
roduction of cytokines such as IL-4, IL-5, and IL-10 by T
elper 2 cells (Th2) and markedly inhibits the production of
h1 cytokines such as IFN-� and IL-2 [63]. Thus PGE2

romotes humoral and Th2 immune responses, which do not
articipate in tumor destruction and inhibits Th1 responses
hat promotes tumor destruction. The relationship between
nhanced cyclooxigenase-2 expression and tumor growth
as been established in breast, colon, and prostate cancers
64,65]. Several cyclooxygenase inhibitors have anticancer
ctivities [66�69]. Our results show that fish oil supple-
entation decreases tumor growth and ameliorates cachexia

Tables 1–3). The treatment with naproxen did not cause
ny further decrease in the tumor growth. These results
uggest that fish oil and COX inhibitors possibly share the
ame mechanism to reduce tumor.

Clenbuterol antagonizes the skeletal muscle depletion,
cting possibly via ATP-ubiquitin proteolytic pathway pro-
oting its hyperactivation [70]. The inclusion of clen-
uterol to the treatment did not provoke any further de-
rease on tumor growth in coconut fat or fish oil
upplemented rats (WSNCb or WPNCb), but it slightly
ncreased the body weight gain. This may result from an
ncrease in protein synthesis [70-73] and a reduction in
roteolysis [29,74]. Glycogen content of the liver and soleus
uscle was also increased by clenbuterol treatment. The

erum measurements also returned to normal levels. Stalion
t al. [35] reported that increased cardiac mass is associated
ith high doses of �2 agonist. Thus, an important task for

he therapeutic use of this drug is to limit the adverse
etabolic effects while retaining the anabolic properties. It

s interesting to mention that the dose used did not cause any
ncrease in cardiac mass (data not shown).

Tumor growth led to hypoglycemia and hypoinsulinemia
Table 3). Insulin solely [25,26] or combined [75] with the
ther hormones such as GH and somatostatin, has been used
o treat cancer. The rats supplemented with S or P were
reated with naproxen plus clenbuterol plus insulin to coun-
eract the catabolism induced by the tumor. There was no
urther decrease of tumor growth but the inclusion of insulin
n the treatment contributed to restore body weight and the
lycogen content of the liver and soleus muscle to control
alues. Possibly, insulin prevented the lipolytic effect of
lenbuterol and acted to further increase protein synthesis
nd to inhibit protein degradation. There was no further
ontribution of this combination concerning the serum mea-
urements. Also, the dose of insulin used was safe and did
ot induce hypoglycemia that could kill the rats.

These results led us to propose that fish oil supplemen-
ation for one generation decreases tumor growth and par-
ially prevents cancer cachexia. The treatment with
aproxen plus clenbuterol plus insulin fully prevented ca-
hexia and this effect was similar for rats supplemented
ith either coconut fat or fish oil. Thus, the combination of
aproxen, clenbuterol and insulin associated with fish oil
upplementation may consist a good strategy to treat cancer
atients.
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