
Abstract. Background: Celecoxib, a cyclooxygenase-2 (COX-
2) inhibitor, may reduce the risk and mortality of certain types
of human cancer. The chemopreventive effect of celecoxib on
preneoplastic lesions induced by chemical hepatocarcinogenesis
was investigated. Materials and Methods: Male Sprague Dawley
rats were fed a celecoxib-supplemented diet between days 18
and 26 post-initiation (1500 ppm) and sacrificed on day 26.
The effects of celecoxib on proliferation, apoptosis, COX-2
activity and liver function were evaluated by
immunohistochemistry, TUNEL assay, enzyme-immunoassay
and spectrophotometry, respectively. Results: Celecoxib
decreased, in area and number, Á-glutamyltranspeptidase and
glutathione S-transferase placental-positive lesions, below levels
found after 18 days, by 55.2% and 62.2%, and by 50.5% and
71.1%, respectively, (p<0.05). Celecoxib neither induced
apoptosis nor altered the levels of prostaglandin E2, bilirubin or
alanine aminotransferase in the plasma; however, proliferating
cell nuclear antigen and cyclin D1 decreased by 77.7% and
94.9%, respectively, (p<0.05). Conclusion: Celecoxib regresses
existing preneoplastic liver lesions through antiproliferative
processes, without altering liver function.

Despite much research, the incidence of hepatic cancer
remains high. It is the fifth most common cancer in the
world and the fourth most common cause of cancer
mortality (1). Therefore, it is of great importance for high
risk populations that new drugs, diminishing incidence or

preventing the disease, be developed. Current therapeutic
strategies are often inefficient because of their high toxicity,
while chemoprevention represents a promising, less
aggressive strategy to inhibit carcinoma before invasive
tumors develop. 

Several lines of research suggest that nonsteroidal anti-
inflammatory drugs (NSAIDs) may reduce the risk of and
mortality from certain types of human cancer. However,
conventional NSAIDs are frequently associated with
gastrointestinal side-effects because many are non-selective
inhibitors of the 2 isoforms of cyclooxygenase, COX-1 and
COX-2, hence they also block COX-1-dependent
homeostatic functions. COX enzymes catalyze the synthesis
of prostaglandins from arachidonic acid. Despite their
structural similarity, both cyclooxygenases are regulated
differently. COX-1 inhibition results in certain side-effects,
because COX-1 is responsible for maintaining gastric
mucosal integrity. COX-2 inhibition, on the other hand, is
associated with a decrease in inflammation and neoplasia
because these alterations are characterized by increased
amounts of COX-2 (2). Thus, COX-2 has become a
promising therapeutic target. 

Celecoxib is a specific COX-2 inhibitor evaluated and
approved by the United States Food and Drug
Administration for adjuvant treatment of familial
adenomatous polyposis, a syndrome that predisposes
individuals to colon cancer (3). The chemopreventive effect
of celecoxib has been tested in some in vivo experimental
models addressing a variety of carcinomas, including those
of the urinary bladder, colon, breast, prostate and skin (3-
8). In addition, celecoxib has been shown to inhibit in vitro
proliferation and to induce cell cycle arrest and apoptosis in
different ways in several tumor cell types (9-13). Although
accumulating evidence indicates that celecoxib acts via the
COX-2 enzyme, there is also evidence suggesting that the
antitumor effects of celecoxib involve COX-2-independent
mechanisms (12, 13). In short, the exact molecular
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mechanisms that account for the chemopreventive effects of
celecoxib have not been fully elucidated yet.

Our recent laboratory study showed that celecoxib
possesses a striking chemopreventive activity that inhibits
preneoplastic lesions during hepatocarcinogenesis in rats
(14), implying that celecoxib interferes with some metabolic
processes that are involved in tumor production.
Furthermore, an epidemiological study indicated that long-
term celecoxib treatment was associated with significant
regression of colorectal polyps in patients with familial
adenomatous polyposis (15). However, few in vivo
experiments have researched the mechanisms of celecoxib
in various cancers. Here, the ability of celecoxib to regress
existing putative preneoplastic lesions induced by chemical
hepatocarcinogenesis was analyzed.

Materials and Methods 

Reagents and chemicals. Celecoxib (SC-58635) was prepared from
commercial Celebrex capsules by solvent extraction. The identity
and purity of the molecule was more than 99.9%, verified by NMR
at the Chemistry Department (CINVESTAV-IPN, Mexico City,
Mexico). Diet 5001, containing 1500 ppm of celecoxib, was
prepared in Purina Test Diet, USA. Diethylnitrosamine (DEN), 2-
acetylaminofluorene (2-AAF), Á-glutamyl-4-methoxy-2-
naphthylamide (GMNA), glycyl-glycine and Fast Blue BB salt (4-
benzoylamino-2,5-diethoxybenzene-diazonium chloride hemi[zinc
chloride] salt) were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). The PGE2 enzyme immunoassay kit was purchased
from R&D Systems, Inc. (Minn, USA). The DeadEndì
Colorimetric TUNEL System kit was purchased from Promega
Corp. (Madison, WI, USA). The primary antibody mouse anti-
PCNA (13-3900) was purchased from Zymed (San Francisco, CA,
USA), the primary antibody rabbit anti-human-GST-p (A3600) and
LSAB Plus-kid were purchased from DAKO (Carpinteria, CA,
USA), the primary antibody rabbit anti-cyclin D1 (BSB2020) was
purchased from Bio SB (Santa Barbara, CA, USA) and the
Bilirubins kit was purchased from Merck of Mexico.

Animals. Six-week-old male Sprague Dawley rats were purchased
from Harlan Industries (Mexico City, México). Throughout the
experiment, all rats were fed ad libitum and housed in a controlled
environment with a 12-h light/dark cycle and a temperature of
23ÆC. 

Experimental procedure. After an acclimatization period of 1 week,
the rats were randomized into 4 treatment groups (Figure 1). The
C group, non-treated rats, were fed the standard 5001 diet; groups
HCT18, HCT26 and HCT26+X received the hepatocarcinogenic
treatment (HCT) of the Semple-Roberts modified model (16).
Briefly, the rats were initiated with an intraperitoneal injection of
200 mg/kg of body weight of DEN and 7 days later, 2-AAF was
orally administered at 20 mg/kg doses for 3 consecutive days before
partial hepatectomy. The HCT18 group was fed the standard diet
and the rats were sacrificed on day 18 after initiation of the
carcinogenic protocol, serving as the reference group of the onset
of celecoxib administration. The HCT26 group was fed the
standard diet and served as the reference group of the end of

celecoxib administration. The HCT26+X group was fed the
celecoxib-supplemented diet (1500 ppm) between days 18 and 26
post-initiation of the carcinogenic protocol. Rats from groups C,
HCT26 and HCT26+X were sacrificed on day 26. Celecoxib was
administered between days 18 and 26 post-initiation of the HCT
because we had previously observed a well defined linear increase
of both the number and area of the putative preneoplastic lesions
in the rat liver until the fourth week post-initiation. The animals
were monitored daily for general health as well as for food
consumption, while their body weight was recorded daily
throughout the experiment. The animals were sacrificed under
ether anesthesia. At the time of sacrifice, blood was collected by
cardiac puncture from all the rats in each group. The blood plasma
was quickly frozen in liquid nitrogen and stored at –75ÆC until
analysis. Liver samples were taken from all the animals and
prepared as follows: half of each liver was fixed in 10% buffered
formalin and the other half was immediately frozen in liquid
nitrogen and stored at –75ÆC. For histological evaluation, formalin-
fixed tissues were embedded in paraffin blocks, cut at 4 Ìm and
processed by routine histological methods with hematoxylin-eosin
(H&E) staining.

GGT histochemical staining. The putative preneoplastic lesions in
rat livers were observed by detection of Á-glutamil transpeptidase
(GGT) activity as described by Rutenburg et al. (17). Briefly, 20 Ìm
frozen liver tissue sections were fixed in absolute ethanol for 10
min at –20ÆC, followed by addition of GMNA, glycyl-glycine and
Fast Blue BB salt in Tris base (100 mM) solution over 30 min at
room temperature. Next, the staining was fixed with cupric sulfate
for 2 min. Finally, the images of liver tissue were captured with a
digital camera mounted on a microscope and the GGT-positive
lesions were quantified by image analysis software (analySIS Soft
Imaging System GmbH).

Determination of plasma prostaglandin E2 levels. The blood was
collected in heparinized tubes and centrifuged. The upper plasma
layer was removed and added to 10 Ìg/ml of indomethacin, frozen
and stored at –75ÆC. The prostaglandin E2 (PGE2) levels were
measured in rat blood plasma using a PGE2 enzyme immunoassay
kit, according to the manufacturer’s instructions. The PGE2
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Figure 1. Schematic representation of HCT and celecoxib administration.
C group, 5 rats; HCT18 group, 8 rats; HCT26 group, 8 rats; HCT26+X
group, 9 rats. 



concentration was calculated using the standard curve. All assays
were performed in duplicate.

Apoptosis detection by the TUNEL assay. Sections of liver tissues 4
Ìm thick were deparaffinized and hydrated gradually. Apoptosis
was determined by the DeadEndì Colorimetric TUNEL System
kit, according to the manufacturer’s instructions. The tissues were
evaluated under optical microscopy.

Immunohistochemical analysis. Liver tissues embedded in paraffin
were sectioned at 4 Ìm. The sections were deparaffinized and
hydrated gradually. Antigens were unmasked by immersing the
sections in 0.1 M sodium citrate buffer (pH 6) and then
processing in heat in a water bath for 15 min. Endogenous
peroxidase activity was blocked with 0.3% hydrogen peroxide in
methanol followed by incubation for 1 h with the primary
antibody mouse anti-PCNA, rabbit anti-human-GST-p or rabbit
anti-cyclin D1 at 1:100, 1:50 and 1:20 dilution, respectively. A
standard staining protocol, using the LSAB Plus-kid according to
the manufacturer’s instructions, followed. As a positive control
for PCNA and cyclin D1, liver sections of one rat subjected to
partial hepatectomy and sacrificed after of 24 h were used to
observe high proliferation index. Finally, sections were lightly
counterstained with hematoxylin, dehydrated and mounted.
Under optical microscopy (Olympus 1X70), representative images
were captured and then evaluated and quantified by analySIS Soft
Imaging System GmbH. For PCNA and cyclin D1, the
quantification was performed in 8 randomly-selected fields
(X100) per individual sample and the number of positive
nuclei/mm2 was calculated. GST-p-positive lesions were
quantified similarly to GGT-positive lesions.

ALT activity and bilirubin determination in plasma. Both tests were
performed on rat blood plasma; alanine aminotransferase (ALT)
activity was measured using the protocol described by Reiman and
Frankel (18) and bilirubin was carried out as determined with the
Bilirubins kit, according to the manufacturer’s instructions. Both
assays were performed in duplicate.

Classification of liver lesions. Liver lesions were histologically
classified according to Stewart et al. (19).

Statistical analysis. For all statistical analyses the Student’s t-test
was used. Data were expressed as mean ± standard error (SE). In
all cases, a difference was considered significant when p<0.05.

Results 

Effect of celecoxib on relative liver weight. The relative liver
weight of rats treated either with HCT or HCT plus
celecoxib were not different at the end of the experimental
protocol (data not shown).

Celecoxib regresses putative preneoplastic lesions. Animals that
received the HCT were fed either a standard diet or a
celecoxib-supplemented diet. Rats treated with HCT plus
celecoxib, between days 18 and 26 post-initiation of the HCT,
showed GGT-positive lesions smaller in number and area
(Figure 2D) than rats subjected to HCT alone (Figure 2C). As
shown in Figures 3A and 3B, both the number and area of
GGT-positive lesions, were significantly reduced by 55.2%
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Figure 2. Histochemically-stained sections showing the effect of celecoxib on GGT-positive lesions. Representative liver sections of each treatment. (A)
C group, (B) HCT18 group, (C) HCT26 group and (D) HCT26+X group. Tissues of rats fed a celecoxib-supplemented diet showed GGT-positive lesions
smaller than tissues from rats fed on a standard diet, including those that were sacrificed at day 18. Scale bars, 2 mm.



(p=0.003) and 62.2% (p<0.001), respectively. Likewise,
number and area of GST-p-positive lesions were reduced by
50.5% (p=0.02) and 71.1% (p=0.004) respectively (Figures 4A
and 4B). When these results were compared with rats
sacrificed on day 18 post-initiation, a similar reduction in the
number of GGT- and GST-p-positive lesions, by 50.0%
(p=0.005) and 54.7% (p=0.02), respectively, was seen. The
lesion quantification detection parameter was more than 0.01
mm2. Our results clearly indicate that celecoxib reverted the
existing putative preneoplastic lesions in hepatocarcinogenesis.

Celecoxib did not inhibit COX-2 activity. A progressive
increase in plasma PGE2 levels associated with disease
progression has been shown in cancer patients (20). This
phenomenon prompted us to evaluate the effect of
celecoxib on PGE2 levels in rats fed with the celecoxib-
supplemented diet in our experimental model. COX-2
activity was evaluated by analysis of PGE2 levels in the
plasma. In concordance with previous reports (8, 21), the
rats treated with HCT plus celecoxib did not show a
statistically significant change (Figure 5).

Celecoxib did not induce apoptosis in the development of
putative preneoplastic lesions. The TUNEL assay was used to
evaluate the effect of celecoxib on apoptosis of altered cells.
Representative histological sections of each treatment are
depicted in Figure 6. Neither the rats that received HCT alone
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Figure 3. Number and area of GGT-positive lesions in rat liver after
celecoxib administration. (A) GGT-positive lesion number/cm2,
*statistically different from the HCT18 and HCT26 groups, p<0.05. (B)
GGT-positive area percent with respect to total tissue, *statistically
different from HCT26 group, p<0.05. Three liver histological sections per
rat from each group were randomly chosen and analyzed. C group
(rats=5), HCT18 group (rats=8), HCT26 group (rats=8) and HCT26+X
group (rats=9). Results are expressed as means ± SE. 

Figure 4. Number and area of GST-p-positive lesions in rat liver after
celecoxib administration. (A) GST-p-positive lesions number/cm2,
*statistically different from the HCT18 and HCT26 groups, p<0.05. (B)
GST-p-positive area percent with respect to total tissue, *statistically
different from HCT26 group, p<0.05. Two liver histological sections per
rat from each group were randomly chosen and analyzed. C group
(rats=3), HCT18 group (rats=3), HCT26 group (rats=3) and HCT26+X
group (rats=4). Results are expressed as means ± SE. 

Figure 5. Determination of prostaglandin E2 levels in plasma of rats. PGE2
levels in the plasma of rats fed a celecoxib-supplemented diet are expressed
as the mean value performed in duplicate assays of 3 rats per group ± SE.
The data were not significantly different from the HCT26 group, p>0.05.



(Figure 6C) nor the rats subjected to HCT plus celecoxib
(Figure 6D) showed apoptotic nuclei, compared with the
positive controls (Figure 6A); at the time tested, the results
were similar to the negative control (Figure 6B). The same
results were obtained in sacrificed rats on day 18 post-
initiation (image not shown). These results showed that the
celecoxib administration for 8 days did not induce apoptotic
processes in the hepatocarcinogenic model.

Celecoxib inhibits cell proliferation during development of
hepatocarcinogenesis. Representative histological sections of
each treatment are presented in Figure 7. The positive label of
PCNA was detected in most cells that were in mitosis or
cellular division (arrows in Figure 7B). The quantitative
analysis of the different treatments is shown in Figure 7D. The
rats treated with HCT plus celecoxib showed a 77.7%
(p=0.02) reduction of PCNA-positive nuclei (Figure 7C),
compared with the rats subjected to HCT alone (Figure 7B).
These results indicated that the regression produced by
celecoxib of the putative preneoplastic lesions in the rat liver
was induced by inhibition of proliferation.

Subsequently, whether the PCNA protein expression
observed in rats subjected to HCT was limited to the putative
preneoplastic lesions area and whether the reduction in its
expression after celecoxib treatment was only within these
lesions due to the proliferation inhibition of the altered cell,
was determined. By immunostaining, GST-p and PCNA
expressions in liver serial sections were analyzed. As shown in
Figure 8B, although the PCNA-positive nuclei were observed
in whole tissue of the rats subjected to HCT, the PCNA-
positive nuclei number was higher within GST-p-positive
lesions than in the surrounding tissue, i.e. 655 PCNA-positive
nuclei/mm2 versus 280 PCNA-positive nuclei/mm2 (Table I).
Representative sections of a GST-p-positive area (Figure 8A)
and with high PCNA expression (Figure 8B) of rats subjected
to HCT, are shown. Interestingly, the PCNA-positive label was
more intense in the nuclei of hepatocytes situated at the inside
limit of the lesions (arrows in Figure 8B). In the tissue of rats
treated with HCT plus celecoxib (Figure 8C and 8D), PCNA
expression was observed within and outside the lesions (Figure
8D) compared with the tissue of rats subjected to HCT, where
expression was less in both locations, 330 PCNA-positive
nuclei/mm2 versus 68 PCNA-positive nuclei/mm2, Table I.
Differences between the HCT and HCT plus celecoxib groups
were statistically significant both in the tumour and in
surrounding tissue (49.6%, p=0.04 and 75.7%, p<0.001,
respectively. In the whole tissue, the difference was 57.5%
p=0.003. It is noteworthy that PCNA expression was mostly
observed in the GST-p-positive lesions and the reduction of its
expression in whole tissue was correlated with a decrease in
number and size of the putative preneoplastic lesions. 

To determine the underlying mechanism of proliferation
inhibition mediated by celecoxib, its effect on cyclin D1

expression, a cell cycle regulator protein responsible for the
transition from G1- to S-phase in both normal regulation of
the cell cycle and development of human cancers (22), was
investigated. Similarly to with PCNA expression, the
coexistence of GST-p and cyclin D1 expression in liver serial
sections, was analyzed. As shown in Figure 9, the  expression
of cyclin D1 was similar to PCNA. Cyclin D1-positive nuclei
were observed in whole tissue of both the HCT and HCT plus
celecoxib groups; in both, the cyclin D1-positive nuclei
number was higher within GST-p-positive lesions than in the
surrounding tissue (Table II). Differences were statistically
significant between the HCT and HCT plus celecoxib groups,
both in the tumour and in surrounding tissue by 94.5%,
p<0.001 and 96.7% p<0.001, respectively, and in the whole
tissue the difference was 94.9%, p<0.001. Together, these
results indicated that  celecoxib inhibited cell cycle
progression.

Celecoxib does not alter liver function. The hepatic side-effects
induced by celecoxib were investigated by evaluating liver
function using 2 general toxicological liver tests, bilirubin
determination and ALT activity in rat plasma, and through
H&E histopathological examination. A significant increase of
ALT activity in the HCT26 group compared with the control
group can be seen in Table III, indicating that the
carcinogenic treatment altered ALT activity. However, a
significant reduction (p<0.05) of the activity of this enzyme
was observed in the rats treated with HCT plus celecoxib by
19.3% (22.9 Ìmol/l/min) compared with the group that only
received HCT (28.3 Ìmol/l/min). Total bilirrubin levels
increased in the rats treated with HCT plus celecoxib (12.3
Ìmol/l) compared with rats subjected to HCT alone (8.5
Ìmol/l), but with no statistical difference. On the other hand,
H&E histopathological analysis showed distortion of the liver
tissue in animals subjected to HCT, while in animals treated
with HCT plus celecoxib, tissue distortion almost disappeared
(image not shown). Together, these results suggest that
celecoxib did not induce alterations in liver function additional
to those induced by the HCT.

Discussion 

It has been shown that conventional NSAIDs inhibit the
growth of several human cancers. These drugs are associated
with gastric side-effects produced by inhibition of both COX
isoforms, COX-1 and COX-2. Celecoxib belongs to a
generation of NSAIDs that selectively inhibit COX-2.
Previous studies have shown the anticancer effect of celecoxib
in several cancer cell lines, including liver cancer (9-13), as
well as in in vivo experimental carcinogenesis models induced
both chemically and genetically (3-7). Studies from our
laboratory have shown that celecoxib prevents the
development of preneoplastic lesions (14), but there are no
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Figure 7. Effect of celecoxib on cell proliferation in the hepatocarcinogenic model. PCNA expression was reduced by celecoxib administration. The
images are representative of each treatment. (A) C group, n=3. (B) HCT26 group, n=3. (C) HCT26+X group, n=5. (D) Quantification of PCNA-
positive nuclei. Quantification was performed by measuring 10 fields (X100) randomly selected per individual sample. The immunohistochemical analysis
was performed in 2 independent experiments. Positive and isotype controls were included in each experiment. Images were captured to a magnification
of X200. The results are expressed as means ± SE. *Statistically different from the HCT26 group, p<0.05. The arrow shows cellular division. 

Figure 6. Effect of celecoxib on apoptosis induction in the hepatocarcinogenic model. Liver sections representative of each treatment are presented. (A)
Positive control, tissue treated with DNase. (B) Negative control tissue. (C) HCT26 tissue. (D) HCT26+X tissue. These images show that celecoxib
administration from days 18 to 26 did not induce apoptotic processes in the hepatocarcinogenic model. Four rats were evaluated for each group; the
assay was performed in 2 independent experiments. Magnification X200.
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Figure 8. Serial liver sections stained for GST-p and PCNA. A and B, liver sections from rats subjected to HCT; C and D, liver sections from rats
subjected to HCT plus celecoxib; A and C, stained for GST-p and B and D, stained for PCNA. Arrows in B show the limit of the lesions extrapolated
in A. Magnification X100.

Figure 9. Serial liver sections stained for GST-p and cyclin D1. A and B, liver sections from rats subjected to HCT; C and D, liver sections from rats
subjected to HCT plus celecoxib; A and C, stained for GST-p and B and D, stained for cyclin D1. Arrows in B show the limit of the lesions extrapolated
in A. Magnification X100.



reports indicating the antitumor activity of celecoxib on the
regression of existing liver preneoplastic lesions in rats, a
complex and totally different prevention phenomenon. To
distinguish prevention from regression effects, we treated rats
with the hepatocarcinogenic protocol, and after putative
preneoplastic lesions had been established, we administered
celecoxib, when the increase of both the number and area of
these lesions was still linear. Our results showed that celecoxib
regressed GGT- and GST-p-positive lesions in both number
and area, reaching levels below those measured at the onset
of treatment. These results indicated that celecoxib reverted
the existing putative preneoplastic lesions in
hepatocarcinogenesis in concordance with its ability shown in
other chemical carcinogenesis models (4, 6, 7).

COX-2 is an inducible isoform which converts free
arachidonic acid to prostaglandins (23). In a prostate cancer
experimental model and in brain cancer patients, an increase
in plasma PGE2 levels was associated with disease progression
(3, 20). Thus, a logical explanation of the celecoxib effect
would be that COX-2 inhibition leads to a reduction in PGE2
levels. However, our results indicated that celecoxib did not
decrease the PGE2 levels in plasma. These findings are in
agreement with two reports of UVB-induced skin cancer in
murine models. In the first case, celecoxib was administered
in the diet (21); in the second, celecoxib was administered
topically (8). In both cases celecoxib showed clear anticancer
properties, but the PGE2 levels were not diminished. Contrary
to this information, in a xenograft tumor model in rodent
cornea, celecoxib showed anticancer properties associated
with a significant decrease in PGE2 levels (24). In spite of the
latter, most data suggest that the chemopreventive activity of
celecoxib is exerted by a pathway other than PGE2 reduction.
Furthermore, it must be considered whether PGE2 production
is also inhibited by celecoxib at others stages of liver cancer
development characterized by high COX-2 activity. 

One feature of cancer is its continuous growth, and this
event is associated with an increase in cell proliferation and a
loss of apoptotic mechanisms (25). Studies have shown that

celecoxib induces apoptosis in cancer cell lines (9-13).
Despite these reports, the findings in the current study were
different. It was found that celecoxib did not induce apoptosis
in developing putative preneoplastic lesions. This is in
agreement with a previous report from our laboratory, when
celecoxib was administered before and during the HCT by 35
days. The apoptosis phenomenon was examined at different
points of this period using 4 different procedures, but was not
found (14). From these results, we consider that there is a
close relationship between the absence of the inhibition of
PGE2 production and of apoptosis induction, since it has
been reported elsewhere, both in in vivo colon cancer models,
that celecoxib does not induce apoptosis (26) and that the
presence of PGE2 reduces this phenomenon (27). Thus, the
absence of apoptosis could be due to cell cycle arrest. This is
also supported by a study in cholangiocarcinoma cell lines, in
which the exogenous administration of PGE2 partially
prevented the celecoxib-mediated inhibition of cell growth
(28).

We studied the expression of PCNA, a nuclear protein
required for DNA synthesis (29) and cyclin D1 expression, a
cell cycle regulator protein responsible for the transition
from G1- to S-phase (22), since it has been shown that
celecoxib inhibited proliferation in cancer cell lines (9, 10).
In agreement with these data, we showed that celecoxib
drastically decreased both the PCNA and cyclin D1
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Table I. PCNA expression within and surrounding GST-p-positive lesions.

PCNA-positive nuclei number/mm2*

Treatment Within Surrounding Whole 
group lesions tissue tissue

Control --- --- 20.86±8.13
HCT26 655±127 280±42 934.91±131.26
HCT26+X 330±68a 68±11b 397.57±73.56

*Means±SE of quantification of 8 X 100 fields per rat, n=3.
aStatistically different PCNA-positive nuclei number within lesions in
the HCT26 group. 
bStatistically different PCNA-positive nuclei number in the
surrounding tissue in the HCT26 group; p<0.05.

Table II. Cyclin D1 expression within and surrounding GST-p-positive
lesions.

Cyclin D1-positive nuclei number/mm2*

Treatment Within Surrounding Whole 
group lesions tissue tissue

Control --- --- ---
HCT26 548.4±102.5 136.7±15.35 685.08±102.46
HCT26+X 30.4±11.0a 4.5±1.6b 34.87±11.45

*Means±SE of quantification of 8 X 100 fields per rat, n=3. 
aStatistically different cyclin D1-positive nuclei number within lesions
in the HCT26 group. 
bStatistically different cyclin D1-positive nuclei number in the
surrounding tissue in the HCT26 group; p<0.05.

Table III. Bilirubin and ALT determinations.

Treatment n ALT Bilirubin 
group (Ìmol/l/min)* (Ìmol/l)*

Control 5 16.4±0.5 8.1±0.2
HCT26 8 28.3±1.3 8.5±1.1
HCT26+X 9 22.9±1.3a 12.3±1.2

*Means±SE of one experiment performed in duplicate.
aALT activity decreased compared with the HCT26 group; p<0.05.



expressions. These findings indicate that the proteins that
participate in cell cycle progression can be targeted for
chemoprevention of HCC and that celecoxib may play an
important role in cell cycle progression and DNA synthesis.
This activity has also been observed in a xenograft pancreatic
mouse tumor model, where celecoxib inhibited cell growth
by inducing a G1 cell cycle block and reducing DNA
synthesis (30). This clear effect of celecoxib on the
development of putative preneoplastic lesions suggests that it
is related to cell cycle arrest and indicates that the regression
of lesions involved antiproliferative mechanisms induced by
celecoxib. We also investigated whether PCNA and cyclin
D1 expressions were limited to the GST-p-positive lesion
area. We selected GST-p for this determination since it has
been shown that it is the best marker to identify putative
preneoplastic lesions (31). Hepatocyte proliferation was
mostly seen within lesions, although this phenomenon
suggests that the hepatocyte proliferation induced with DEN
and 2AAF was chiefly induced inside the putative
preneoplastic lesions, it also exists in the surrounding tissue,
at least in the first 4 weeks of carcinogenesis. The larger
reduction of cyclin D1 expression than that of PCNA
suggests that the effect of celecoxib was more specific on the
cell cycle progression than on DNA synthesis. Therefore, the
inhibitory effect of celecoxib on the development of the
GST-p-positive lesions was linked to the inhibition of the
proliferation through inhibition of cell cycle progression,
including the surrounding tissue.

It is important to thoroughly test the toxicity of any selected
chemopreventive drug. Little is known regarding celecoxib
toxicity at the level of liver injury. However, some reports
indicated that this drug has a protective effect against liver
injury (32, 33). We evaluated the liver function with 2 liver
injury tests, bilirubin determination and ALT activity in rat
plasma, and with H&E histopathological analysis. None of the
liver injury tests nor the histological analysis showed important
changes induced by celecoxib. Since the ALT level was
significantly decreased in animals treated with celecoxib, we
suggest that, although celecoxib was administered short-term,
the ALT level is an indicator of an underlying alteration that
also plays a role in the development of putative preneoplastic
lesions. The finding that high ATL levels are associated with
the rapid development of HCC in early stage hepatitis C virus-
associated cirrhosis (34) supports this suggestion. In this study,
it was demonstrated that celecoxib administered for a short
period did not induce alterations in liver function and
structure. Future long-term studies will be necessary to
determine the effect of celecoxib on rat liver function.

Our results open the possibility of a comparative study
between the rat HCC induced with DEN and 2-AAF and the
human HCC behavior. In a recent study, a cross-species
comparison of gene expression patterns of HCC identified
mouse liver tumors induced with DEN similar to those of the

poorer survival group of human HCC, thus, allowing for an
extrapolation of the effect of the drug evaluated (35).

In summary, our results demonstrated that the regression
of GGT- and GST-p-positive lesions induced by celecoxib
in a chemical hepatocarcinogenesis model, was associated
with antiproliferative process activation and that this COX-
2 inhibitor might be an effective agent against
hepatocarcinogenesis. In addition, these findings also
motivate the establishment of long-term studies to further
define the chemopreventive effectiveness of celecoxib on
liver tumor development. 
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