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Abstract
Background/Aims: The main purpose of this study was to investigate the effects of celecoxib 
and ibuprofen, both non-steroidal anti-inflammatory drugs (NSAIDs), on the decreased 
gluconeogenesis observed in liver of Walker-256 tumor-bearing rats. Methods: Celecoxib 
and ibuprofen (both at 25 mg/Kg) were orally administered for 12 days, beginning on the 
same day when the rats were inoculated with Walker-256 tumor cells. Results: Celecoxib 
and ibuprofen treatment reversed the reduced production of glucose, pyruvate, lactate and 
urea from alanine as well as the reduced production of glucose from pyruvate and lactate in 
perfused liver from tumor-bearing rats. Besides, celecoxib and ibuprofen treatment restored 
the decreased ATP content, increased triacylglycerol levels and reduced mRNA expression 
of carnitine palmitoyl transferase 1 (CPT1), while ibuprofen treatment restored the reduced 
mRNA expression of peroxisome proliferator-activated receptor alpha (PPARα) in the liver 
of tumor-bearing rats. Both treatments tended to decrease TNFα, IL6 and IL10 in the liver of 
tumor-bearing rats. Finally, the treatment with celecoxib, but not with ibuprofen, reduced the 
growth of Walker-256 tumor. Conclusion: Celecoxib and ibuprofen restored the decreased 
gluconeogenesis in the liver of Walker-256 tumor-bearing rats. These effects did not involve 
changes in tumor growth and probably occurred by anti-inflammatory properties of these 
NSAIDs, which increased expression of genes associated with fatty acid oxidation (PPARα 
and CPT1) and consequently the ATP production, normalizing the energy status in the liver of 
tumor-bearing rats.
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Introduction

Walker-256 tumor-bearing rats, an animal model widely used to study metabolic 
alterations induced by cancer, exhibit cachexia, anorexia and several disturbances in the 
metabolism of protein, carbohydrates and lipids [1]. Liver perfusion studies revealed several 
changes in hepatic metabolism of Walker-256 tumor-bearing rats. For example, glycolytic 
flux is diminished in the liver of Walker-256 tumor-bearing rats and this seems to be caused, 
at least in part, by an impaired glucokinase activity [2]. These animals also showed decreased 
hepatic capacity for oxidizing fatty acids [3, 4], a phenomenon which seems to be caused by 
reduction in the activity of the mitochondrial carnitine palmitoyl transferase-1 (CPT1) [3] 
and -2 (CPT2) [5]. In addition, liver gluconeogenesis from alanine, pyruvate and lactate was 
decreased in this cancer-cachexia experimental model in our [6] and others [4, 7, 8] studies. 
However, the mechanism involved in this inhibition is still unknown.

Tumor necrosis factor-α (TNFα) and interleukin-1 (IL1), which are pro-inflammatory 
cytokines increased by cancer [9-11], have been associated with the gluconeogenesis 
inhibition. It was observed that intravenous administration of TNFα [12, 13] or IL1β 
[12] reduced the gluconeogenesis from alanine, pyruvate and lactate in liver perfusion. 
Nevertheless, we observed that treatment with infliximab, an antibody that neutralizes 
TNFα, did not affect the gluconeogenesis inhibition from alanine in Walker-256 tumor-
bearing rats [14]. 

Further the cytokines, the prostaglandins (PGs), especially prostaglandin E2 (PGE2), 
which is involved in inflammation caused by the Walker-256 tumor [15], seem to be 
associated to the inhibition of gluconeogenesis. However, few studies have assessed the 
effects of non-steroidal anti-inflammatory drugs (NSAIDs), which decrease PGs synthesis by 
inhibiting cyclooxygenase-1 (COX-1) and/or cyclooxygenase-2 (COX-2), on gluconeogenesis 
in pathological states. 

The treatment with indomethacin (NSAID, COX-1 and COX-2 inhibitor) reduced the 
inhibition of gluconeogenesis from alanine in liver of arthritic rats [16]. In addition, treatment 
with celecoxib (NSAID, COX-2 inhibitor) abolished the inhibition of gluconeogenesis from 
alanine in liver perfusion of Walker-256 tumor-bearing rats [8], which shows high levels of 
PGE2 in plasma [15]. However, in this latter study the celecoxib treatment also reduced tumor 
growth [8] and so the production of factors with gluconeogenesis inhibitory properties, 
such as the cytokines TNFα and IL1. Therefore, the contribution of PGs to inhibition of 
gluconeogenesis in Walker-256 tumor-bearing rats still remains inconclusive. 

Given that ibuprofen (NSAID, COX-1 and COX-2 inhibitor), as opposed to celecoxib, did 
not reduce Walker-256 tumor growth in our previous investigation, the aim of this study 
was to compare the effects of these two NSAIDs (celecoxib or ibuprofen) on the inhibition of 
gluconeogenesis from alanine, pyruvate and lactate caused by Walker-256 tumor in rats. The 
effects of celecoxib or ibuprofen on the ATP content, triacylglycerol level, mRNA expression 
of carnitine palmitoyl transferase 1 (CPT1) and peroxisome proliferator-activated receptor 
alpha (PPARα), as well as on the levels of TNFα, IL6 and IL10 in the liver were also assessed. 
Besides, the effects of the NSAIDs on the tumor growth were examined.

Materials and Methods

Drugs and chemicals
Celecoxib (Celebra®) was purchased from Pfizer (Guarulhos, Brazil) and ibuprofen from Medley 

(Campinas, Brazil). The perfusion fluid salts and other chemicals (98-99.8% purity) were obtained from 
Sigma Chemical Co. (St Louis, USA), Merck (Darmstad, Germany) and Reagen (Rio de Janeiro, Brazil). The 
high-capacity cDNA Reverse Transcription Kit was acquired from Applied Biosystems (USA). Protease 
inhibitor cocktail was purchased from Sigma-Aldrich (St. Louis, USA) and Kits for determination of TNFα, 
IL6 and IL10 (DuoSet ELISA®) from R&D Systems (Minneapolis, USA).
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Animals and Walker-256 tumor inoculation
Male Wistar rats (220-230 g) fed with a standard rodent chow (Nuvilab CR-1 Nuvital®, Colombo, 

Brazil) were used in all experiments. All protocols were approved by the Ethics Committee for Animal 
Experimentation of the State University of Londrina. 

Walker-256 carcinosarcoma cells were injected in tumor-bearing rats as previously described [1, 17]. 
The Walker-256 cells were suspended in phosphate buffered saline (PBS: 16.5 mM phosphate, 137 mM 
NaCl, 2.7 mM KCl, pH 7.4) and each rat was subcutaneously inoculated with 8.0X107 viable cells on the right 
flank. Control (healthy) rats were inoculated with PBS in the same place. 

Treatment protocol 
Walker-256 tumor-bearing rats were treated with celecoxib (25 mg/Kg) or ibuprofen (25 mg/Kg), by 

gavage, once a day (9:00 a.m.), for 12 days, starting on the day the rats were inoculated with Walker-256 
tumor cells. Celecoxib and ibuprofen were daily diluted in water and doses and treatment protocols were 
based on previous studies [8, 18, 19]. Drug-free control rats (Walker-256 tumor bearing or healthy) received 
water, by gavage, instead of celecoxib or ibuprofen. 

The rats were fasted for 24 hours before all tests to prevent the glucose arising from glycogenolysis 
to influence the measurement of gluconeogenesis activity and also to prevent the influence of anorexia of 
tumor-bearing rats on the other parameters evaluated. Since the Walker-256 tumor-bearing rats survived 
for an average of 14 days after tumor inoculation, all assessments were carried out 12 days after of the 
treatments with celecoxib, ibuprofen or water (control rats).

Assessment of liver gluconeogenesis 
To assess the gluconeogenesis, Walker-256 tumor-bearing rats were weighed, anesthetized with 

sodium pentobarbital (40 mg/kg) and subjected to in situ liver perfusion as previously described [6, 20, 
21]. The perfusion fluid, Krebs-Henseleit buffer (KHB: 115 mM NaCl, 26 mM NaHCO3, 5.8 mM KCl, 1.2 mM 
Na2SO4, 1.18 mM MgCl2, 1.2 mM NaH2PO4 and 2.5 mM CaCl2, pH 7.4), at 37ºC, and saturated with a 95%:5% 
O2:CO2 mixture, was introduced into the liver (4 mL/min per gram of liver) through a cannula inserted into 
the portal vein, while a second cannula in the inferior vena cava was used to collect the effluent perfusate 
at 2 min intervals, to assess the production of glucose [22], lactate [23], pyruvate [24] and urea [25]. The 
livers were perfused with KHB for 10 min and then with KHB plus alanine (2.5 mM), or pyruvate (5.0 mM), 
or lactate (2.0 mM) for 30 min. To calculate the areas under the curve (AUC), the differences in production 
of glucose, lactate, pyruvate and urea, before and during the infusion of gluconeogenesis precursors, were 
used. At the end of the experiments, the tumors were carefully dissected and weighed to measure tumor 
growth.

Assessment of ATP, triacylglycerol, CPT1, PPARα and cytokines in the liver 
In order to quantify these parameters, livers of rats anesthetized with sodium pentobarbital (40 mg/

kg) were removed by the freeze-clamp technique, immediately frozen by immersion in liquid nitrogen and 
stored at -80oC for later evaluation of the parameters. Thereafter, the tumors were dissected and weighed 
to measure tumor growth.

To assess the ATP content, frozen samples were crushed in liquid nitrogen, deproteinized in cold 
percloric acid and subjected to differential centrifugation. The collected supernatant was precipitated with 
potassium carbonate (pH 7.4) and used for the enzymatic determination of the ATP in the liver [26]. 

To evaluate the triacylglycerol level, the lipids were extracted from liver samples with chloroform-
methanol, as described by Folch [27]. The triacylglycerol in the lipid extract were determined by enzymatic 
assay based on the Trinder reaction [28]. 

To assess the expression of CPT1 and PPARα, which was evaluated by real-time PCR (qRT-PCR), total 
mRNA was extracted from liver samples with Trizol® reagent and used for cDNA synthesis, with the high-
capacity cDNA reverse transcription Kit. CPT1 and PPARα gene expression was normalized by the expression 
of ribosomal protein L19 (RPL-19) using the CT (threshold cycle) comparative method [29]. 

To measure the cytokines, liver samples were homogenized in RIPA buffer (0.625 % Nonidet P-40, 
0.625 % sodium deoxycholate, 6.25 mM sodium phosphate and 1 mM EDTA, at pH 7.4), containing 10 μg/
mL protease inhibitor cocktail. The homogenates were centrifuged and the supernatant was utilized to 
determinate the total protein concentration by Bradford assays and the levels of TNFα, IL10 and IL6 by 
ELISA. 
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Statistical analysis
Normal distribution and variance homogeneity were tested and the one-way ANOVA test was employed 

to analyze the results. Statistical analysis was carried out using the Statistica 6.0 or GraphPad Prism 5.0 
programs, being accepted as different for p<0.05. Results are expressed as mean ± standard error of the 
mean (SEM).

Results

Compared to healthy rats, Walker-256 tumor-bearing rats showed a reduction of 
approximately 50% in the glucose production from alanine (Fig. 1A), which was almost 
completely abolished (p<0.05) by celecoxib or ibuprofen treatment, as demonstrated by the 
AUCs (Fig. 1B). Tumor-bearing rats also showed a reduction of almost 50% in the pyruvate 
production (Fig. 2A), 45% in the lactate production (Fig. 2B) and 75% in the urea production 

Fig. 1. (A) Production of glucose and (B) 
the respective areas under the curves 
(AUCs) in livers of healthy rats and Walk-
er-256 tumor-bearing rats treated with 
celecoxib (WK+celecoxib) or ibuprofen 
(WK+ibuprofen) for 12 days or untreat-
ed (WK). Livers of 24h-fasted rats were 
perfused as described in Materials and 
Methods. L-Alanine (2.5 mM) was infused 
between 10 and 40 min. Data are pre-
sented as mean ± SEM of 7-9 experiments. 
**p<0.01 vs. healthy; #p<0.05 vs. WK (one-
way ANOVA followed by Newman-Keuls).

Fig. 2. Production of (A) 
pyruvate, (B) lactate, 
(C) urea and (D) the re-
spective areas under the 
curves (AUCs) in livers 
of healthy rats and Walk-
er-256 tumor-bearing 
rats treated with celecox-
ib (WK+celecoxib) or ibu-
profen (WK+ibuprofen) 
for 12 days or untreated 
(WK). Livers of 24h-fast-
ed rats were perfused as 
described in Materials 
and Methods. L-Alanine 
(2.5 mM) was infused 
between 10 and 40 min. 
Data are presented as 
mean ± SEM of 7-9 ex-
periments. **p<0.01 vs. 
healthy, #p<0.05 and 
##p<0.01 vs. WK (One-
way ANOVA followed by 
Newman-Keuls). 
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Fig. 3. (A) Production of glucose and (B) 
the respective areas under the curves 
(AUCs) in livers of healthy rats and Walk-
er-256 tumor-bearing rats treated with 
celecoxib (WK+celecoxib) or ibuprofen 
(WK+ibuprofen) for 12 days or untreated 
(WK). Livers of 24h-fasted rats were per-
fused as described in Materials and Meth-
ods. Pyruvate (5 mM) was infused between 
10 and 40 min. Data are presented as mean 
± SEM of 4-6 experiments. *p<0.05 vs. 
healthy; #p<0.05 and ##p<0.01 vs. WK (One-
way ANOVA followed by Newman-Keuls).

Fig. 4. (A) Production of glucose and (B) 
the respective areas under the curves 
(AUCs) in livers of healthy rats and Walk-
er-256 tumor-bearing rats treated with 
celecoxib (WK+celecoxib) or ibuprofen 
(WK+ibuprofen) for 12 days or untreated 
(WK). Livers of 24h-fasted rats were per-
fused as described in Materials and Meth-
ods. Lactate (2 mM) was infused between 
10 and 40 min. Data are presented as mean 
± SEM of 7-21 experiments. *p<0.05 vs. 
healthy; #p<0.05 vs. WK (One-way ANOVA 
followed by Newman-Keuls).

Fig. 5. Contents of (A) adenos-
ine triphosphate (ATP) and (B) 
triacylglycerol in livers of healthy 
rats and Walker-256 tumor-bear-
ing rats treated with celecoxib 
(WK+celecoxib) or ibuprofen 
(WK+ibuprofen) for 12 days or 
untreated (WK). Rats fasted for 
24 hours. Data are presented as 
mean ± SEM of 6-8 experiments. 
*p<0.05 vs. healthy; #p<0.05 and 
##p<0.01 vs. WK (One-way ANO-
VA followed by Newman-Keuls).

(Fig. 2C) from alanine, compared to healthy rats, and the treatments with celecoxib or 
ibuprofen completely reversed the decrease in pyruvate (p<0.01), lactate (p<0.01) and urea 
(p<0.05) production, as indicated by the AUCs (Fig. 2D).

Hepatic glucose production was about 50% lower from pyruvate (Fig. 3A) and 30% 
lower from lactate (Fig. 4A) in tumor-bearing rats as compared with healthy rats, and the 
treatments with celecoxib or ibuprofen reversed the decreased gluconeogenesis from 
pyruvate (p<0.05) and lactate (p<0.01) , as demonstrated by the AUCs (Figs. 3B and 4B). 

The ATP content in tumor-bearing rats livers was almost 60% lower than in healthy rats 
livers and the treatment with celecoxib (p<0.05) or ibuprofen (p<0.01) restored the hepatic 
ATP content (Fig. 5A). Tumor-bearing rats also showed an increase of 130% (p<0.05) in 
the triacylglycerol level in the liver, as compared to healthy rats. The celecoxib or ibuprofen 
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treatment reduced (p<0.05) the triacylglycerol level in the liver of tumor-bearing rats to 
near the level found in healthy animals (Fig. 5B).

CPT1 expression was decreased (p<0.05) and PPARα expression tended to be lower 
in the livers of tumor-bearing rats as compared to healthy rats. The celecoxib treatment 
increased CPT1 expression (p<0.05) and tended to increase PPARα expression in the liver, 
whereas the ibuprofen treatment increased both CPT1 (p<0.001) and PPARα (p<0.05) 
expression (Fig. 6).

When compared to healthy rats livers the levels of TNFα was higher (p<0.05) (Fig. 7A), 
of IL6 tended to be higher (Fig. 7B) and of IL10 tended to be lower (Fig. 7C) in tumor-bearing 

Fig. 6. Relative gene expression of CPT1 and PPARα 
in livers of healthy rats and Walker-256 tumor-bear-
ing rats treated with celecoxib (WK+celecoxib) or 
ibuprofen (WK+ibuprofen) for 12 days or untreated 
(WK). Rats fasted for 24 hours. Data are presented as 
mean ± SEM of 5-8 experiments. *p<0.05 vs. healthy; 
#p<0.05 and ###p<0.001 vs. WK (One-way ANOVA fol-
lowed by Newman-Keuls).

Fig. 7. Contents of (A) tumor necrosis factor alpha 
(TNFα), (B) interleukin 6 (IL6) and (C) interleu-
kin 10 (IL10) in livers of healthy rats and Walk-
er-256 tumor-bearing rats treated with celecoxib 
(WK+celecoxib) or ibuprofen (WK+ibuprofen) 
for 12 days or untreated (WK). Rats fasted for 24 
hours. Data are presented as mean ± SEM of 5-8 ex-
periments. *p<0.05 vs. healthy (One-way ANOVA fol-
lowed by Dunnet's).

Table 1. Tumor mass from Walker-256 tumor-bear-
ing rats treated with celecoxib (WK+celecoxib) or 
ibuprofen (WK+ibuprofen) during 12 days or un-
treated (WK). Data are as mean ± SEM. # # #p<0.01 vs. 
WK (ANOVA One-Way followed by Newman-Keuls)
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rat livers, and treatments with celecoxib or ibuprofen tended to decrease the levels of TNFα, 
IL6 and IL10 in tumor-bearing rats livers. 

Finally, celecoxib treatment reduced (p<0.01) the Walker-256 tumor mass by 
approximately 40%, while the ibuprofen treatment did not affect tumor growth (Table 1).

Discussion

Treatment with either celecoxib or ibuprofen, drugs that inhibit PGs synthesis, 
completely reversed the decreased activity of gluconeogenesis from alanine, pyruvate or 
lactate in perfused livers from Walker-256 tumor-bearing rats.

The doses of celecoxib and ibuprofen used were based on previous studies [8, 18-19], 
being almost the double of the maximum recommended daily dose for humans. Although the 
PGs levels were not assessed in our study, it is well established that the anti-inflammatory 
properties of celecoxib and ibuprofen are achieved by blocking PGs production, since 
celecoxib and ibuprofen reduced PGE2 production by about 90% [30]. 

The restoration of the decreased gluconeogenesis from alanine, by treatments with 
celecoxib or ibuprofen (Fig. 1), involved an improvement in conversion of alanine to pyruvate, 
as indicated by the full reversion of the inhibition of hepatic production of pyruvate, lactate 
and urea in tumor-bearing rats (Fig. 2). The reduced hepatic production of pyruvate, lactate 
and urea from alanine observed in tumor-bearing rats (Fig. 2) confirms our previous findings 
[6] and can be due to an inhibition of alanine aminotransferase, as suggested by others [31, 
32]. 

The observation that the treatment with celecoxib or ibuprofen reversed the reduced 
glucose production from pyruvate (Fig. 3) and lactate (Fig. 4) in the liver of tumor-bearing 
rats shows that these NSAIDs improve other steps of the gluconeogenesis pathway besides 
that catalyzed by alanine aminotransferase. The inhibition of glucose production from 
pyruvate and lactate, but not from glutamine [7] and glycerol [6], in tumor-bearing rats shows 
that this inhibition occurs at steps preceding the entry of glutamine and glycerol into the 
gluconeogenic pathway, such as the conversion of pyruvate to oxalacetate, a mitochondrial 
step catalyzed by pyruvate carboxylase, which is ATP dependent. In fact, a reduction in ATP 
content decreases the rate of gluconeogenesis by inhibiting pyruvate carboxylase [33].

In parallel with the inhibition of gluconeogenesis, Walker-256 tumor-bearing rats livers 
showed lower ATP content than in healthy rats livers (Fig. 5A), as also shown by others [7], 
and the treatments with celecoxib or ibuprofen restored the lowered ATP levels in the livers 
(Fig. 5A). These results indicate that the reversion of gluconeogenesis inhibition by these 
NSAIDs involved a normalization of the hepatic energy state of tumor-bearing rats. 

Given that the rats were fasted for 24 hours, a condition that leads to depletion of the 
hepatic glycogen stores, reducing the endogenous glucose source for ATP production, and 
that the exogenous glucose source for ATP production is reduced in Walker-256 tumor-
bearing rats due the decreased activity of glucokinase [2], it is likely that most of ATP in 
the liver of tumor-bearing rats originated from mitochondrial β-oxidation of fatty acids and 
not from glycolysis. Thereby, the lower ATP level in the liver of tumor-bearing rats could 
be due to reduction in mitochondrial β-oxidation of fatty acids. Really, it was shown that 
the hepatic capacity of fatty acids oxidation is decreased in Walker-256 tumor-bearing rats 
[3], a phenomena that seem to be caused by reduction of CPT1 and CPT2 activity, enzymes 
involved in the transport of fatty acids from cytosol to mitochondria [3, 5, 34]. 

A reduction of CPT1 and CPT2 activities could divert the fatty acids to esterification 
and so triacylglycerol synthesis, instead of oxidation. In fact, liver of tumor-bearing rats 
showed high levels of triacylglycerol (Fig. 5B) and lower mRNA expression of CPT1 (Fig. 
6). These results are consistent with the reduction of hepatic fatty acid oxidation [3] and 
to the increase of free fatty acids and triacylglycerol levels in the liver [15] and blood [1] of 
Walker-256 tumor-bearing rats. 
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Celecoxib and ibuprofen treatments completely abolished the rise in the levels of 
triacylglycerol (Fig. 5B) and the decreased CPT1 expression in the liver of tumor-bearing 
rats (Fig. 6), suggesting a role of PGE2, which is increased in the liver [34] and blood [15, 34] 
of Walker-256 tumor-bearing rats, in the inhibition of CPT1. Corroborating our suggestion, 
PGE2 decreased CPT1 expression in isolated hepatocytes and the PGE2-dependent 
repression of CPT1 resulted in inhibition of mitochondrial β-oxidation and triacylglycerol 
accumulation in hepatocytes [35]. In addition, the exercise training normalized the increased 
level of PGE2 in the liver of Walker-256 tumor-bearing rats, restored the decreased activity 
of CPT1 and CPT2 and prevented hepatic steatosis [34]. Moreover, treatment with PGE2 or 
PGE2 receptor agonist increased the triacylglycerol in the liver [36]. It was also shown that 
treatment with indomethacin, which reduces PGE2 synthesis, increased CPT2 activity in the 
liver of Walker-256 tumor-bearing rats [5]. 

The CPT1 and CPT2 expression [37] and the β-oxidative degradation of fatty acids 
[38] in liver is stimulated by PPARα. Interestingly, PPARα expression tended to be lower in 
the liver of Walker-256 tumor-bearing rats and celecoxib treatment tended to increase the 
PPARα expression, while ibuprofen treatment significantly increased the PPARα expression 
in liver. These results indicate that celecoxib and ibuprofen have a promoting effect on 
expression of genes associated with fatty acid oxidation. In agreement with our results, it 
was shown that several NSAIDs, including ibuprofen, are efficacious activators of PPARα [39]. 
Therefore, a higher expression of PPARα and consequently of CPT1 and/or CPT2 caused by 
celecoxib and ibuprofen may have increased mitochondrial fatty acid oxidation and, thereby, 
the production of factors that stimulate gluconeogenesis such as acetyl-CoA, NADH and ATP, 
reversing the inhibition of gluconeogenesis of tumor-bearing rats.

In addition, PPARα was shown to suppress the expression of pro-inflammatory genes, 
by inactivating the transcription factor NFκB, and thus reducing the production of pro-
inflammatory cytokines [40, 41, 42]. Walker-256 tumor-bearing rats showed elevated TNFα 
levels in liver (Fig. 7) and we showed that TNFα inhibits hepatic gluconeogenesis from 
alanine and lactate probably by affecting the conversion of pyruvate to oxaloacetate, a step 
ATP-dependent [13]. Furthermore, TNFα induced the uncoupling of respiration in isolated 
mitochondria [43], an effect that reduces the ATP synthesis. Thus, a reduction of TNFα by 
treatment with celecoxib or ibuprofen, although not significant (Fig. 7), may have been 
mediated by increased expression of PPARα and may have contributed to the improvement 
of hepatic gluconeogenesis in Walker-256 tumor-bearing rats.

The effects of celecoxib and ibuprofen in normalizing gluconeogenesis in the liver of 
tumor-bearing rats were independent of their influence on tumor growth, since ibuprofen, 
unlike celecoxib, did not reduce the Walker-256 tumor growth (Table 1). The celecoxib 
antitumor effect is well established [44-49]. It was shown that treatment with celecoxib 
reduces Walker-256 tumor growth by mechanisms independent of inhibition in the COX-2/
PGE2 pathway, which involve reduction in the expression of Bcl-xl anti-apoptotic protein, 
that is, by specific pro-apoptotic actions [19]. 

In conclusion, celecoxib and ibuprofen restored the gluconeogenesis activity from 
alanine, pyruvate and lactate that is decreased in the liver of Walker-256 tumor-bearing 
rats. These effects did not involve changes in tumor growth and were probably mediated 

Fig. 8. Schematic representation of ibuprofen and 
celecoxib effects in the liver of Walker-256 tumor-
bearing rats. Celecoxib and ibuprofen (both at 25 
mg/Kg) were orally administered for 12 days, begin-
ning on the same day when the rats were inoculated 
with tumor cells. FFA- free fatty acids; CPT1- car-
nitine palmitoyl transferase 1; PPARα- peroxisome 
proliferator-activated receptor alpha; TG- triacylg-
lycerol;  - increased;  - decreased. 
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by anti-inflammatory properties of these NSAIDs, which increased the expression of genes 
associated with fatty acid oxidation (PPARα and CPT1) and consequently the ATP production 
in the liver of tumor-bearing rats (Fig. 8).

In contrast to the beneficial effects of celecoxib and ibuprofen in gluconeogenesis, we 
showed recently that treatment with celecoxib, but not with ibuprofen, prevented the loss 
of body, adipose and muscle mass, hypertriacyglycerolemia and inhibition of peripheral 
response to insulin in Walker 256 tumor-bearing rats, effects that were attributed to anti-
tumor action and not to anti-inflammatory property of celecoxib [50]. So, it is possible that 
celecoxib by presenting both anti-tumor and anti-inflammatory properties may provide 
better clinical improvement that ibuprofen in the treatment of metabolic disorders induced 
by cancer.

Disclosure Statement

The authors declare that there are no conflicts of interest.

Acknowledgments

Research supported by Fundação Araucária, Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES), Fundação de Amparo a Pesquisa do Estado de São Paulo 
(FAPESP) and Conselho Nacional de Pesquisa (CNPq).

References

1 Cassolla P, Moreira CC, Liboni TF, Zaia CT, Borba-Murad GR, Bazotte RB, de Souza HM: Changes in blood 
metabolic parameters during the development of Walker-256 tumour-induced cachexia in rats are not 
caused by decreased food intake. Cell Biochem Funct 2012;30:265-270.

2 Vicentino C, Constantin J, Aparecido Stecanella L, Bracht A, Yamamoto NS: Glucose and glycogen 
catabolism in perfused livers of Walker-256 tumor-bearing rats and the response to hormones. 
Pathophysiology 2002;8:175-182.

3 Vicentino C, Constantin J, Bracht A, Yamamoto NS: Long-chain fatty acid uptake and oxidation in the 
perfused liver of Walker-256 tumour-bearing rats. Liver 2002;22:341-349.

4 da Veiga RP, da Silva MH, Teodoro GR, Yamamoto NS, Constantin J, Bracht A: Metabolic fluxes in the liver of 
rats bearing the Walker-256 tumour: Influence of the circulating levels of substrates and fatty acids. Cell 
Biochem Funct 2008;26:51-63.

5 Seelaender MC, Curi R, Colquhoun A, Williams JF, Zammitt VA: Carnitine palmitoyltransferase II activity 
is decreased in liver mitochondria of cachectic rats bearing the Walker 256 carcinosarcoma: Effect of 
indomethacin treatment. Biochem Mol Biol Int 1998;44:185-193.

6 Moreira CC, Cassolla P, Dornellas AP, de Morais H, de Souza CO, Borba-Murad GR, Bazotte RB, de Souza HM: 
Changes in liver gluconeogenesis during the development of Walker-256 tumour in rats. Int J Exp Pathol 
2013;94:47-55.

7 Corbello Pereira SR, Darronqui E, Constantin J, da Silva MH, Yamamoto NS, Bracht A: The urea cycle and 
related pathways in the liver of Walker-256 tumor-bearing rats. Biochim Biophys Acta 2004;1688:187-
196.

8 Acco A, Alves da Silva MH, Batista MR, Yamamoto NS, Bracht A: Action of celecoxib on hepatic metabolic 
changes induced by the Walker-256 tumour in rats. Basic Clin Pharmacol Toxicol 2007;101:294-300.

9 Nakashima J, Tachibana M, Ueno M, Miyajima A, Baba S, Murai M: Association between tumor necrosis 
factor in serum and cachexia in patients with prostate cancer. Clin Cancer Res 1998;4:1743-1748.

10 Ferrajoli A, Keating MJ, Manshouri T, Giles FJ, Dey A, Estrov Z, Koller CA, Kurzrock R, Thomas DA, Faderl 
S, Lerner S, O'Brien S, Albitar M: The clinical significance of tumor necrosis factor-alpha plasma level in 
patients having chronic lymphocytic leukemia. Blood 2002;100:1215-1219.



Cell Physiol Biochem 2015;36:1659-1669
DOI: 10.1159/000430326
Published online: July 10, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1668

de Souza et al.: Celecoxib and Ibuprofen in Gluconeogenesis in Tumor-Bearing Rats

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

11 Michalaki V, Syrigos K, Charles P, Waxman J: Serum levels of IL-6 and TNF-alpha correlate with 
clinicopathological features and patient survival in patients with prostate cancer. Br J Cancer 
2004;90:2312-2316.

12 Kelmer-Bracht AM, Broetto-Biazon AC, de Sa-Nakanishi AB, Ishii-Iwamoto EL, Bracht A: Low doses of 
tumour necrosis factor alpha and interleukin 1beta diminish hepatic gluconeogenesis from alanine in vivo. 
Basic Clin Pharmacol Toxicol 2006;99:335-339.

13 da Rocha AF, Liboni TF, Moreira CC, Miksza DR, de Souza CO, de Fatima Silva F, Borba-Murad GR, Bazotte 
RB, de Souza HM: Inhibitory effect of tumor necrosis factor alpha on gluconeogenesis in perfused rat liver. 
Mol Cell Biochem 2013;375:89-96.

14 Miksza DR, de Souza CO, de Morais H, da Rocha AF, Borba-Murad GR, Bazotte RB, de Souza HM: Effect of 
infliximab on metabolic disorders induced by Walker-256 tumor in rats. Pharmacol Rep 2013;65:960-969.

15 Siddiqui RA, Williams JF: The regulation of fatty acid and branched-chain amino acid oxidation in cancer 
cachectic rats: A proposed role for a cytokine, eicosanoid, and hormone trilogy. Biochem Med Metab Biol 
1989;42:71-86.

16 da Silva MA, Bersani-Amado CA, Ishii-Iwamoto EL, Bracht L, Caparroz-Assef SM: Protective effects of 
indomethacin and cyclophosphamide but not of infliximab on liver metabolic changes caused by adjuvant-
induced arthritis. Inflammation 2011;34:519-530.

17 de Morais H, Cassola P, Moreira CC, Bôas SK, Borba-Murad GR, Bazotte RB, de Souza HM: Decreased 
response to cAMP in the glucose and glycogen catabolism in perfused livers of Walker-256 tumor-bearing 
rats. Mol Cell Biochem 2012;368:9-16.

18 Homem-de-Bittencourt Júnior PI, Pontieri V, Curi R, Lopes OU: Effects of aspirin-like drugs on Walker-256 
tumor growth and cachexia in rats. Braz J Med Biol Res 1989;22:1039-1042.

19 Bastos-Pereira AL, Lugarini D, Oliveira-Christoff A, Ávila TV, Teixeira S, Pires AoR, Muscará MN, Cadena SM, 
Donatti L, Cristina da Silva de Assis H, Acco A: Celecoxib prevents tumor growth in an animal model by a 
COX-2 independent mechanism. Cancer Chemother Pharmacol 2010;65:267-276.

20 Leonardo ES, Bassoli BK, Cassolla P, Borba-Murad GR, Bazotte RB, de Souza HM: Leptin inhibits glycogen 
catabolism but does not modify acutely the suppressive effect of insulin on glucose production and 
glycogenolysis stimulated by 8-Br-cAMP in rat liver perfused in situ. Pharmacol Res 2009;59:176-182.

21 Mario EG, Leonardo ES, Bassoli BK, Cassolla P, Borba-Murad GR, Bazotte RB, de Souza HM: Investigation 
of the acute effect of leptin on the inhibition of glycogen catabolism by insulin in rat liver perfused in situ. 
Pharmacol Rep 2009;61:319-324.

22 Bergmeyer H, Bernet E: Determination of glucose with glucoseoxidase and peroxidase; in Bergmeyer H 
(ed) Methods of enzymatic analysis. New York, Academic Press, 1974, pp 1205–1215.

23 Gutmann I, Wahlefeld W: L-(+)-lactate. Determination with lactate dehydrogenase and NAD; in Bergmeyer 
H (ed) Methods of enzymatic analysis. New York, Academic press, 1974, pp 1464–1472.

24 Czok R, Lamprecht W: Pyruvate, phosphoenolpyruvate and D-glycerate-2-phosphate; in Bergmeyer H (ed) 
Methods of enzymatic analysis. New York, Academic Press, 1974, pp 1446–1448.

25 Gutmann I, Bergmeyer H: Determination of urea, indicator reaction with phenol and hypochlorite; in 
Bergmeyer H (ed) Methods of enzymatic analysis, New York, 1974, pp 1790–1798.

26 Lamprecht W, Trautschold I: Enzimatics determination of adenine triphosphate (ATP) with hexokinase and 
glucose-6-phosphatase dehydrogenase; in Bergmeyer H (ed) Methods of enzymatic analysis. New York, 
Academic Press, 1974, pp 1464-1472.

27 Folch J, Lees M, Sloane Stanley GH: A simple method for the isolation and purification of total lipides from 
animal tissues. J Biol Chem 1957;226:497-509.

28 Trinder P: Determination of blood glucose using an oxidase-peroxidase system with a non-carcinogenic 
chromogen. J Clin Pathol 1969;22:158-161.

29 Livak KJ, Schmittgen TD: Analysis of relative gene expression data using real-time quantitative PCR and the 
2(-Delta Delta C(T)) method. Methods 2001;25:402-408.

30 McAdam BF, Catella-Lawson F, Mardini IA, Kapoor S, Lawson JA, FitzGerald GA: Systemic biosynthesis of 
prostacyclin by cyclooxygenase (COX)-2: The human pharmacology of a selective inhibitor of COX-2. Proc 
Natl Acad Sci U S A 1999;96:272-277.

31 Rosen F, Budnick LE, Solomon DK, Nichol CA: Corticosteroids and transaminase activity. III. A relationship 
between changes in alanine transaminase activity and the growth of Walker carcinosarcoma 256. Cancer 
Res 1961;21:620-626.



Cell Physiol Biochem 2015;36:1659-1669
DOI: 10.1159/000430326
Published online: July 10, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1669

de Souza et al.: Celecoxib and Ibuprofen in Gluconeogenesis in Tumor-Bearing Rats

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

32 Herzfeld A, Greengard O: The dedifferentiated pattern of enzymes in livers of tumor-bearing rats. Cancer 
Res 1972;32:1826-1832.

33 Delarue J, Magnan C: Free fatty acids and insulin resistance. Curr Opin Clin Nutr Metab Care 2007;10:142-
148.

34 Lira FS, Yamashita A, Carnevali LC, Jr., Goncalves DC, Lima WP, Rosa JC, Caperuto EC, Rosa LF, Seelaender 
M: Exercise training reduces PGE2 levels and induces recovery from steatosis in tumor-bearing rats. Horm 
Metab Res 2010;42:944-949.

35 Henkel J, Frede K, Schanze N, Vogel H, Schurmann A, Spruss A, Bergheim I, Puschel GP: Stimulation of fat 
accumulation in hepatocytes by PGE(2)-dependent repression of hepatic lipolysis, beta-oxidation and 
VLDL-synthesis. Lab Invest 2012;92:1597-1606.

36 Enomoto N, Ikejima K, Yamashina S, Enomoto A, Nishiura T, Nishimura T, Brenner DA, Schemmer P, 
Bradford BU, Rivera CA, Zhong Z, Thurman RG: Kupffer cell-derived prostaglandin E(2) is involved in 
alcohol-induced fat accumulation in rat liver. Am J Physiol Gastrointest Liver Physiol 2000;279:G100-106.

37 Hashimoto T, Fujita T, Usuda N, Cook W, Qi C, Peters JM, Gonzalez FJ, Yeldandi AV, Rao MS, Reddy JK: 
Peroxisomal and mitochondrial fatty acid beta-oxidation in mice nullizygous for both peroxisome 
proliferator-activated receptor alpha and peroxisomal fatty acyl-CoA oxidase. Genotype correlation with 
fatty liver phenotype. J Biol Chem 1999;274:19228-19236.

38 Cherkaoui-Malki M, Surapureddi S, El-Hajj HI, Vamecq J, Andreoletti P: Hepatic steatosis and peroxisomal 
fatty acid beta-oxidation. Curr Drug Metab 2012;13:1412-1421.

39 Lehmann JM, Lenhard JM, Oliver BB, Ringold GM, Kliewer SA: Peroxisome proliferator-activated receptors 
alpha and gamma are activated by indomethacin and other non-steroidal anti-inflammatory drugs. J Biol 
Chem 1997;272:3406-3410.

40 Daynes RA, Jones DC: Emerging roles of ppars in inflammation and immunity. Nat Rev Immunol 
2002;2:748-759.

41 Stienstra R, Mandard S, Patsouris D, Maass C, Kersten S, Muller M: Peroxisome proliferator-activated 
receptor alpha protects against obesity-induced hepatic inflammation. Endocrinology 2007;148:2753-
2763.

42 Souza CO, Teixeira AA, Lima EA, Batatinha HA, Gomes LM, Carvalho-Silva M, Mota IT, Streck EL, Hirabara 
SM, Neto JC: Palmitoleic acid (n-7) attenuates the immunometabolic disturbances caused by a high-fat diet 
independently of PPAR alpha. Mediators Inflamm 2014;2014:582197.

43 Busquets S, Aranda X, Ribas-Carbo M, Azcon-Bieto J, Lopez-Soriano FJ, Argiles JM: Tumour necrosis factor-
alpha uncouples respiration in isolated rat mitochondria. Cytokine 2003;22:1-4.

44 Davis TW, Zweifel BS, O'Neal JM, Heuvelman DM, Abegg AL, Hendrich TO, Masferrer JL: Inhibition of 
cyclooxygenase-2 by celecoxib reverses tumor-induced wasting. J Pharmacol Exp Ther 2004;308:929-934.

45 Gao J, Jia WD, Li JS, Wang W, Xu GL, Ma JL, Ge YS, Yu JH, Ren WH, Liu WB, Zhang CH: Combined inhibitory 
effects of celecoxib and fluvastatin on the growth of human hepatocellular carcinoma xenografts in nude 
mice. J Int Med Res 2010;38:1413-1427.

46 Barlow M, Edelman M, Glick RD, Steinberg BM, Soffer SZ: Celecoxib inhibits invasion and metastasis 
via a cyclooxygenase 2-independent mechanism in an in vitro model of ewing sarcoma. J Pediatr Surg 
2012;47:1223-1227.

47 Grösch S, Maier TJ, Schiffmann S, Geisslinger G: Cyclooxygenase-2 (COX-2)-independent anticarcinogenic 
effects of selective COX-2 inhibitors. J Natl Cancer Inst 2006;98:736-747.

48 Kardosh A, Wang W, Uddin J, Petasis NA, Hofman FM, Chen TC, Schönthal AH: Dimethyl-celecoxib (DMC), 
a derivative of celecoxib that lacks cyclooxygenase-2-inhibitory function, potently mimics the anti-tumor 
effects of celecoxib on burkitt's lymphoma in vitro and in vivo. Cancer Biol Ther 2005;4:571-582.

49 Zhang SX, Qiu QH, Chen WB, Liang CH, Huang B. Celecoxib enhances radiosensitivity via induction of G₂-M 
phase arrest and apoptosis in nasopharyngeal carcinoma. Cell Physiol Biochem 2014;33:1484-97. 

50 de Souza CO, Kurauti MA, de Fatima Silva F, de Morais H, Borba-Murad GR, de Andrade FG, de Souza HM: 
Effects of celecoxib and ibuprofen on metabolic disorders induced by Walker-256 tumor in rats. Mol Cell 
Biochem 2015;399:237-246.


