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Abstract

Weanling female Wistar rats were supplemented with fish oil (1 g/kg body weight) for one generation. The male offspring received the
same supplementation until to adult age. Rats supplemented with coconut fat were used as reference. Some rats were inoculate
subcutaneously with a suspension{21L0” cells/mL) of Walker 256 tumor. At day 3, when the tumor was palpable, rats were treated with
naproxen (N) (0.1 mg/mL), clenbuterol (Cb) (0.15 mg/kg body weight), and insulin (I) (10 U/kg body weignt). At day 14 after tumor
inoculation, the animals were killed. Tumor was removed and weighed. Blood, liver, and skeletal muscles were also collected for
measurements of metabolites and insulin. In both tumor-bearing untreated rats and tumor-bearing rats supplemented with coconut fat, tumc
growth, triacylglycerol, and blood lactate levels were higher, and glycogen content of the liver, blood glucose, cholesterol and HDL-
cholesterol levels were lower as compared with the non—-tumor-bearing and fish oil supplemented groups. Fish oil supplementation of
tumor-bearing rats led to a partial recovery of the glycogen content in the liver and a full reversion of blood glucose, lactate, cholesterol,
and HDL-cholesterol levels. The treatment with N plus Cb plus | attenuated cancer cachexia and decreased tumor growth in both coconu
fat and fish oil supplemented rats. In conclusion, chronic fish oil supplementation decreased tumor growth and partially recovered cachexia
This beneficial effect of fish oil supplementation was potentiated by treatment with naproxen plus clenbuterol plus insulin. © 2004 Elsevier
Inc. All rights reserved.
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1. Introduction high plasma levels of glucagon, cortisol, catecholamines
[10], vasopressin, and prostaglandin ERL] have been

Cachexia is characterized by intense peripheral catabo-postulated to play a key role in the establishment of cancer
lism with depletion of carbohydrate, lipid and protein stores, cachexia. Reversion of cachexia and inhibition of tumor
and weight loss. Most cancer patients (20-70%) die with growth are required for a successful cancer treatment. At-
cachexia as the primary cause, depending on tumor typetempts to reverse cachexia in cancer patients have used
[1-3]. However, as a result of the multifactorial etiology pharmacological approaches to increase food intake and to
involving immune-metabolic pathways, the basic mecha- (oquce tumor growth.

nisms that induce ccancer cachexia. rema_lin stiI.I unknown  5ver the past 150 years, there was a substantial increase
[4=7]. _Several promflamatory C)_/tokmes, |ncllud|ng tu_mor in the consumption of saturated and n-6 polyunsaturated
NECTOSIS factor (TNF), interleukin-1 (IL-1), |pter|<_euk|n-6 fatty acids and a reduction in that of n-3 polyunsaturated
(IL-6), interferon-y [8], low plasma levels of insulif9], fatty acids (PUFA)[12]. This change in Western dietary
habits has been correlated with an increase in the develop-
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ability to chemoprevent and to chemosuppress tumor
growth [16—20]. Fish ail (rich in n-3 PUFA) administration
reduces the production of cytokines such as IL-6 and TNF
in healthy individuals [21,22] and in patients with pancre-
atic cancer [23]. Barber et a. reported normalization of
metabolic response to feeding in pancreatic cancer-bearing
patients supplemented with fish oil [24].

Insulin administration to Walker 256 tumor-bearing rats
can partialy reverse cachexia and reduce tumor growth
[25,26]. Under conditions of low plasmainsulin levels, asin
alloxan-induced diabetic rats, tumor grows faster than in the
control group [25]. Walker 256 tumor growth causes im-
portant changes in glucose, glutamine, and pyruvate metab-
olism in isolated lymphocytes [27] and macrophages [28].
Insulin may act on the metabolism of these cells to improve
their function, thus causing deceleration or even regression
of tumor growth [27].

Clenbuterol, a 3, adrenergic agonist, has been shown to
increase muscle mass [29] and to decrease total body fat in
normal subjects and hypermetabolic rats [30,31] and to
retard atrophy in denervated muscles [32]. In tumor-bearing
rats, clenbuterol has shown a muscle-sparing effect when
given in association with total parenteral nutrition [33].
Stalion et al. [34,35] reported that even in the presence of a
large tumor burden, 3, adrenergic agonist reverses muscle
depletion and muscle breakdown.

Prostaglandins (PG) play an important rolein cell growth
either in vitro or in vivo. A large amount of PGE, has been
found in tumor tissues and in plasma from cancer patients
[36]. PGE, causes important metabolic aterations and has
been implicated in the development of cachexia [11]. In-
hibitors of PG biosynthesis has been found to induce a
marked decrease of tumor growth [37], cancer cachexia
[38], metastasis [39], and the survival [40] of animals bear-
ing several types of tumors.

As mentioned above, insulin, clenbuterol, and PGE,
have been shown to improve cachexia and to reduce tumor
growth but there is no report on their association to treat
cancer. This may suggest a good strategy for cancer treat-
ment.

In most studies carried out to investigate the effect of
dietary fatty acids on tumor growth, the animals were fed
with a particular diet for a short period of time before or
after tumor implantation. A more likely scenario, however,
is a dietary regimen being given for lifelong starting from
conception. We are not aware of any study that has inves-
tigated the effect of lifelong consumption of a particular
fatty acid rich diet on tumor growth and cancer. In this
study, coconut fat (saturated fat) and fish oil (n-3 PUFA)
were given to female rats throughout pregnancy and lacta-
tion and to their male offspring after weaning. Walker 256
tumor growth and cancer-cachexia were evaluated in adult-
hood of male rats. The effect of fish oil supplementation
associated with the treatment with naproxen (PG inhibitor),
clenbuterol, and insulin was also examined. Body weight
gain, tumor weight, blood levels of insulin, glucose, lactate,

cholesterol, HDL-cholesterol, total lipids, triacylglycerol,
and glycogen content of the liver, soleus muscle, and gas-
trocnemius muscle were determined. The thiobarbituric acid
reactive substances (TBARS) content of tumor was deter-
mined to evaluate the possible involvement of lipid peroxi-
dation in the effect of fish oil and coconut fat supplemen-
tation.

2. Methods and materials

2.1. Sudy design

The Nationa Animal Ethics Committee approved this
study. Weanling female Wistar rats (aged 21 days) were
maintained under controlled temperature (23°C), humidity
and 12-hour light, 12-hour dark cycle and were divided into
three groups. One group received a normal chow diet ad
libitum (control rats), and the other two groups were orally
supplemented with either saturated coconut fat (S) or fish ail
rich in n-3 PUFA (P). Thefish il used was a mixed marine
triacylglycerol preparation containing 180 g eicosapenta-
enoic acid and 120 g docosahexaenoic acid/kg. The oil and
fat were daily given as a single bolus at a dose of 1 g/kg
body weight. At the 90 days of age, the female were mated
with male Wistar rats that had been fed on a normal 1abo-
ratory chow. Females continued to receive fat and oil sup-
plementation throughout gestation and lactation. After
weaning (21 days age), the male offspring received the same
diet and supplementation as their mothers. At 90 days of
age, half of each group was injected in the right flank with
a sterile suspension of 2 X 10” Walker 256 tumor cells
obtained from an ascitic tumor-bearing rat. At day 3, when
the tumor was papable, some animals were treated with
naproxen (N) added to drinking water (0.1 mg/mL), clen-
buterol (Cb) (0.15 mg/kg) daily injected subcutaneoudly, as
well as insulin (I) NPH U-100 (10 U/Kg) aso injected
subcucaneously and given every 2 days to avoid death by
hypoglycemia. The following 12 groups were set up: non—
tumor-bearing (C, control), non—tumor-bearing supple-
mented with coconut fat (S) or fish oil (P), Walker 256
tumor-bearing rats receiving regular chow (W), tumor-bear-
ing supplemented with S (WS) or P (WP), tumor-bearing
supplemented with S or P and treated with naproxen (WSN
or WPN), with naproxen plus clenbuterol (WSNCb or
WPNCDb), and with naproxen plus clenbuterol plus insulin
(WSNCbI or WPNCDbI). Body weight was regularly deter-
mined during the feeding period. At day 14 after tumor
implantation, the animals were killed by decapitation with-
out anesthesia. Tumor and heart were removed and their
weight determined. Blood was collected for the measure-
ment of glucose, lactate, cholesterol, HDL-cholesteral, tri-
acylglycerol, and totd lipids. The liver, soleus muscle and
white portion of gastrocnemius muscle were removed for
determination of the glycogen content.
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2.2. Chemicals, oils, drugs, enzymes, and hormones

Chemicals and enzymes used were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Fish oil MaxEpa was
obtained from Seven Seas (Hull, England, UK), naproxen
from Syntex Corporation (Roche, Rio de Janeiro-RJ, Bra-
zil), clenbuterol was kindly donated by Boehringer In-
gelheim (S3o Paulo-SP, Brazil) and insulin was obtained
from Biobras (Montes Claros-MG, Brazil).

2.3. Blood metabolite deter mination

Serum glucose concentration was determined by using a
glucose oxidase—based assay kit as described by Trinder
[41] and quantified in spectrophotometer (Ultrospec 3000,
Pharmacia Biotech, USA) by measuring the absorbance at
505 nm. Serum total cholesterol (Co) and HDL -cholesterol
(HDL-C), and triacylglycerol (TAG) were measured using
the methods described by Jung et a. [42] and Young [43],
respectively, and quantified by measuring the absorbance at
500 nm (Co, HDL-C) and 540 nm (TAG). Total lipids were
determined using the method described by Henry [44] and
quantified in spectrophotometer at 530 nm. For lactate as-
say, 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-
trifugation at 3000 X g for 5 min. The supernatant was
collected and neutralized with TrigKOH (2 mol/L/0.5
mol/L) and the concentration of lactate was determined as
described by Engle and Jones [45] at 340 nm.

2.4. Glycogen content of the liver and skeletal muscles

Accurately weighed pieces of liver, gastrocnemius mus-
cle and soleus muscle (0.07 g) were put into 0.5 mL KOH
aqueous solution (1 mol/L) and left for 20 min at 70°C for
tissue digestion. After that, a digested sample (0.1 mL) was
added to 0.5 mL triethanolamine buffer containing amylo-
glucosidase and incubated for 2 h at room temperature.
After centrifugation (800 X g for 5 min), the supernatant
(0.2 mL) was added to 1 mL of glucose assay buffer as
described by Fernandes et a. [25]. Glycogen was quantified
by measuring the absorbance at 340 nm.

2.5. Determination of products of lipid peroxidation

The products of lipid peroxidation were measured as
thiobarbituric acid reactive substances (TBARS) following
the method described by Winterbourn et al. [46]. Briefly,
tumor tissue was extracted in phosphate buffer (0.1 mol/L)
pH 7.4. The extract (0.5 mL) was then mixed with 0.5 mL
thiobarbituric acid (1% in NaOH 50 mmol/L) and 0.5 mL
HCI 25%. The samples were then heated in a boiling water
bath for 10 min and after cooling were extracted with 1.5
mL butanol. The mixture was centrifuged at 12,000 X g for
10 minutes and the absorbance of the supernatant was de-
termined at 532 nm. Thiobarbituric acid reacts with prod-

ucts of lipid peroxidation, mainly malondialdeyde, produc-
ing a colored compound [47].

2.6. Protein determination

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

2.7. Satigtical analysis

Data are presented as mean = SEM. Statistical analysis
was performed by one-way ANOV A followed by apost hoc
Tukey test. The value of P < 0.05 was taken to indicate
statistical significance.

3. Results

The body weight gain of the rats supplemented with
coconut fat or fish oil was similar to that of the control
group (Table 1). However, the presence of the tumor caused
a significant decrease of body weight (by 20 g). In the
coconut fat supplemented group (WS), tumor weight was
245 g, and the body weight remained low (by 26 g).
Naproxen treatment of coconut fat supplemented rats
(WSN) decreased tumor weight by 20 g (from 29.5t0 9.4 g)
and increased body weight by 20 g. The inclusion of clen-
buterol (WSNCb) and insulin (WSNCbl) to the treatment
provoked atumor weight decrease by 9.2 g and 8.3 g and an
increase of body weight by 15 g and 33 g, respectively.
These values were also statistically different from the W
and WS groups (Table 1).

In rats supplemented with fish oil (WP), tumor weight
was 8 g and the body weight increased by 12 g, both were
statistically different from the W group (Table 1). The
association of naproxen (WPN), naproxen plus clenbuterol
(WPNCBI), and naproxen plus clenbuterol plus insulin
(WPNCBI) did not induce a further reduction in the tumor
weight 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 il (P) did
not show any change in the liver glycogen content as com-
pared with control (C) (Table 2). On the other hand, glyco-
gen content of the liver was decreased by 60% in the
tumor-bearing rats as compared with C (P = 0.05). The
liver glycogen content was 13% lower in WP rats as com-
pared with the C group but it was 38% higher as compared
with the W group. The administration of naproxen to tumor-
bearing rats supplemented with fish oil (WPN) induced a
full recovery of the liver glycogen content. The inclusion of
clenbuterol and insulin to the treatment (WPNCb) did not
change this metabolite any further. It is noteworthy that the
combination of the three agents markedly increased the liver
glycogen content regardless the supplementation with either
coconut fat or fish oil (WSNCbI and WPNChI).



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 Qil
WS WSN WSNCb WSNChI WP WPN WPNCb WPNCb

Initial body weight 3258+ 152 3156+ 103 3343+ 88 3408 =112 3229*74 307.3*x146 3082*+272 3496*71 2902+ 183 3440*163 3343*154 3450=* 16.9

()]
Fina body weight (g) 348.6 +159 3443+87 3563*94 3458 +10.8 321.5+95 3361*+127 3320*+242 3904+33 3100+184 3721*+173 3674*+166 386.7*+ 222

Tumor weight (g) 295+ 23 245+ 14 94°°+14 9.2+ 17 83>c+12 80°*=19 65°+ 14 43>+ 07 6.7°+ 16

Carcass weight (g) 3209+ 103 2965+ 104 3268+ 131 3228*+231 3821*28 3020+195 3662+159 3630165 380.0+ 222

Weight change (g) 228+29 287+36 220+36 —199°+55 -—264*+57 195°°*+34 146°°+45 325°°+147 118 +22 22°+46 287°+26 3B +57
(Carcass weight-

initial body weight)

Results are presented as mean + SEM.

2P < 0.05 as compared to non—tumor-bearing rats.
PP < 0.05 as compared to W.

¢P < 0.05 as compared to WS.

Table 2

Glycogen content in the liver, soleus muscle, and white portion of gastrocnemius muscle (wmol per g tissue ww) in the groups: control (C), supplemented with coconut fat (S) or fish ail (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 Qil
WS WSN WSNCb WSNCb1 WP WPN WPNCb WPNCb1

Liver 101.9+12.61 107.6 = 14.08 111.0 + 12,55 64.89° + 520 65.08 = 5.03 144.6°¢ + 23.67 166.1°° + 21.04 190.5*°°¢ + 29.44 89.41° + 257 167.9>9 + 24.32 155.8°9 + 24.10 201.1*>¢ + 28.00

Soleus 2739+ 1.13 2919+ 129 34.17°+ 156 21.60°+ 1.38 2255+ 1.61 37.10°°+ 155 51.81°° + 6.06 49.617°+ 500 31.49°+ 223 531724+ 524 422639 + 443 62.722%P9 + 452

Gastro- 41.41 = 420 4222 +3.96 44.01 + 3.74 30.40°*+ 2.13 3151+ 1.86 39.29°°+ 292 44.38°° + 549 43.00°° = 3.46  40.17° = 2.39 42,25 + 2.89 41.45° + 364 47.94° + 358
cnemius

Results are presented as mean = SEM.

2P < 0.05 as compared to non—tumor-bearing rats.
PP < 0.05 as compared to W.

¢P < 0.05 as compared to WS.

9P < 0.05 as compared to WP.

¢P < 0.05 as compared to control.
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As compared with C rats, the glycogen content of soleus
muscle was increased by fish oil supplementation, whereas
coconut fat had no effect. The W group had a significant
decrease (by 22%) of the glycogen content of soleus muscle,
as compared non—tumor-bearing animals, but it was not
changed by coconut fat supplementation. Treatment with
naproxen (WSN), naproxen plus clenbuterol (WSNCb), and
naproxen plus clenbuterol plusinsulin (WSNCbI) induced a
remarkable increase in the glycogen content of soleus mus-
cle. WP rats had the soleus muscle glycogen content re-
stored to control values. The combination of fish oil sup-
plementation with naproxen (WPN), naproxen plus
clenbuterol (WPNCDb), and naproxen plus clenbuterol plus
insulin (WPNCDbl) induced a significant further increase.

The supplementation with coconut fat or fish oil did not
modify the glycogen content of gastrocnemius muscle in
non—-tumor-bearing rats as compared with controls. In
Walker 256 tumor-bearing rats, however, it was signifi-
cantly lowered. Saturated fat supplementation did not
change the glycogen content of gastrocnemius muscle,
whereas the administration of naproxen (WSN), naproxen
plus clenbuterol (WSNCb), naproxen plus clenbuterol plus
insulin (WSNCbI) restored it to control values. Fish oil
supplementation (WP) by itself restored the glycogen con-
tent of gastrocnemius muscle to control values. Treatment
with naproxen (WPN), naproxen plus clenbuterol
(WPNCb), and naproxen plus clenbuterol plus insulin
(WPNCDbI) did not cause any further increase.

Supplementation of non—tumor-bearing with coconut fat
or fish oil did not change cholesterol (Co), HDL -cholesterol
(HDL-C), triacylglycerol (TAG), total lipids, lactate, glu-
cose, and insulin as compared with control rats (Table 3).
The presence of the tumor (W) significantly decrease all
measurements, except for cholesterol and total lipids that
remained similar to hon—tumor-bearing animals. The con-
centration of the metabolites and insulin in plasma of tumor-
bearing rats was not changed by coconut fat supplementa-
tion. The administration of naproxen (WSN), naproxen plus
clenbuterol (WSNCDb), naproxen plus clenbuterol plus insu-
lin (WSNCbI) restored all measurements to control values.
Fish oil supplementation (WP) fully abolished the changes
induced by the tumor and the pharmacological treatment did
not cause any additional effect.

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

4, Discussion

Tumor-bearing rats (W) and tumor-bearing supple-
mented rats with coconut fat (WS) showed a significant
decrease in body weight, glycogen content in the liver and
skeletal muscles, blood glucose, HDL -cholesterol, and in-
sulin levels and an increase in plasma lactate (Tables 1-3).

ail (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 WPNCDb), and naproxen plus

Serum concentration of cholesterol (Co), HDL-cholesterol (HDL-C), triacylglycerol (TAG), total lipids, lactate, glucose, and insulin in the groups: control (C), supplemented with coconut fat (S) or fish
clenbuterol plus insulin (WSNCb1 or WPNChI)

Table 3

Tumor-Bearing

Non—tumor-bearing

Group

Fish Qil
WP

Coconut Fat

WS

WPNCb WPNCb

WPN

WSNCb WSNChl

WSN

63.0+ 3.7 639+ 44 613+ 23

629+ 4.3

+39

64.2

736 = 3.7 68.0 = 3.9 62.7 = 4.9 66.8 = 3.3

737+ 25

34.6 =

759 £ 45
1108 = 34

735+ 3.6

Co (mg/dL)

149+18 275°¢+15 325°°+15 336°°*+20 29.1°*35 26.8°+ 1.1 30.8°+ 24 30.8°+ 17
101.7° = 6.4

148+ 1.3
167.4*+ 140 162.2 6.9

2.8

376+ 27
1251 + 6.6

357+19
1025 + 17.2

HDL-C (mg/dL)
TAG (mg/dL)
Total Lipids

90.3° = 6.5

89.7°c+88 89.2°°+87 975°+134 80.0°*78

95.3°¢ + 6.7

334.0 =408 2637221

267.6 = 19.4

246.0 = 342 3427+ 28.0

2774+ 173

3240 = 35.1

3183+ 39.1 314.0=* 238

3157+ 17.2 3674+ 263 321.6+ 187

(mg/dL)
Lactate (wmol/

210°+ 014 2.04°+0.13

2.33° + 0.10

2.10°°+ 011 2.02°°+0.11 200°°+0.09 217°+ 0.07

2.26 + 0.08 220+ 011 274+0.09 282+*014

1.99 = 0.08

mL)
Glucose (mg/dL)

Insulin (wU/mL)

144.3° =39 141.2°+ 103

140.8°°+ 22 1449°¢+55 139.1°°+21 1336°+20 1428°*53

1423 £ 35 1341+ 23 1094+ 33 1142+ 3.8

1424 + 30

65.1° + 150 58.3°+ 131

62.8°¢+ 116 62.3°°+ 168 534°+6.7 57.3° + 127

58.6°¢ + 9.9

26.0 * 6.6

258+ 59

76.7 £ 32

721+ 86

772+28

2P < 0.05 as compared to non—tumor-bearing groups.

Results are presented as mean + SEM.
PP < 0.05 as compared to W.
¢P < 0.05 as compared to WS.
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These results confirm the establishment of cachexia
[11,25—27]. Epidemiologica studies have shown a link
between fat-rich diets and the incidence of cancer [49].
Reduced risk of cancer in colon, breast, and prostate has
been associated with low fat intake and diets rich in n-3
fatty acids [50]. Dietsrich in n-6 PUFA have been shown to
promote an increase in cancer risk [51—53]. Supplementa-
tion with fish oil (WP) for one generation caused a marked
decrease in tumor growth and an improvement of cachexia.
The increase in the amount of fat in the diet by only 0.1%
is quite different from other studies that used between 8%
and 20% of n-3 PUFA [54]. Also, the effect of a chronic
supplementation of fish oil for F1 generation was not pre-
vioudy performed. Interestingly, this small dose of n-3
PUFA given for one generation caused remarkable benefi-
cial effects on tumor growth and cachexia. The mechanisms
involved however are still unclear. Modification in prosta-
glandin biosynthesis, cyclooxygenase-2 activity, angiogen-
esis, modulation of immune cell function, and lipid peroxi-
dation in the tumor has been suggested to play a role
[19,55]. The Iytic effects of n-3 PUFA on cultured tumor
cells are correlated with the degree of lipid peroxidation
[56—58]. However, the content of lipid peroxidation prod-
ucts (TBARS) of the tumor was not changed by the treat-
ments imposed. Thus, the beneficial effects of the fish oil on
Walker 256 tumor-bearing rats are not mediated by causing
lipid peroxidation of the neoplastic tissue.

Prostaglandins favor tumorigenesis and are found at high
amount in tumors as compared with norma tissues from
which cancers arise [59,60]. Walker 256 tumor-bearing rats
show high plasma levels of prostaglandin E, that have been
associated with tumor growth [11]. PGE, mediates tumor
survival by inhibiting tumor cell apoptosis and inducing
tumor cell proliferation [61]. In addition, PGE, alters cell
morphology and increases cell motility and migration re-
sulting in tumor progression [62]. Theimmune system plays
an important role in tumor response. PGE, stimulates the
production of cytokines such asIL-4, IL-5, and IL-10 by T
helper 2 cells (Thy) and markedly inhibits the production of
Thl cytokines such as IFN-y and IL-2 [63]. Thus PGE,
promotes humoral and Th, immune responses, which do not
participate in tumor destruction and inhibits Th, responses
that promotes tumor destruction. The relationship between
enhanced cyclooxigenase-2 expression and tumor growth
has been established in breast, colon, and prostate cancers
[64,65]. Severa cyclooxygenase inhibitors have anticancer
activities [66—69]. Our results show that fish oil supple-
mentation decreases tumor growth and ameliorates cachexia
(Tables 1-3). The treatment with naproxen did not cause
any further decrease in the tumor growth. These results
suggest that fish oil and COX inhibitors possibly share the
same mechanism to reduce tumor.

Clenbuterol antagonizes the skeletal muscle depletion,
acting possibly via ATP-ubiquitin proteolytic pathway pro-
moting its hyperactivation [70]. The inclusion of clen-
buterol to the treatment did not provoke any further de-

crease on tumor growth in coconut fat or fish ail
supplemented rats (WSNCb or WPNCb), but it dlightly
increased the body weight gain. This may result from an
increase in protein synthesis [70-73] and a reduction in
proteolysis[29,74]. Glycogen content of the liver and soleus
muscle was also increased by clenbuterol treatment. The
serum measurements also returned to normal levels. Stalion
et a. [35] reported that increased cardiac mass is associated
with high doses of B, agonist. Thus, an important task for
the therapeutic use of this drug is to limit the adverse
metabolic effects while retaining the anabolic properties. It
isinteresting to mention that the dose used did not cause any
increase in cardiac mass (data not shown).

Tumor growth led to hypoglycemia and hypoinsulinemia
(Table 3). Insulin solely [25,26] or combined [75] with the
other hormones such as GH and somatostatin, has been used
to treat cancer. The rats supplemented with S or P were
treated with naproxen plus clenbuterol plusinsulin to coun-
teract the catabolism induced by the tumor. There was no
further decrease of tumor growth but the inclusion of insulin
in the treatment contributed to restore body weight and the
glycogen content of the liver and soleus muscle to control
values. Possibly, insulin prevented the lipolytic effect of
clenbuterol and acted to further increase protein synthesis
and to inhibit protein degradation. There was no further
contribution of this combination concerning the serum mea-
surements. Also, the dose of insulin used was safe and did
not induce hypoglycemia that could kill the rats.

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