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Abstract

Hyperlipidaemia is a major risk factor for cardiovascular diseases, the leading cause of

death globally. Celecoxib attenuated hypercholesterolaemia associated with CCl4-induced

hepatic injury in rats without improving liver function in our previous study. This present

study investigated the lipid lowering potential of celecoxib in normal rats fed with coconut oil

subjected to five deep-frying episodes. Male Sprague Dawley rats were randomly assigned

to groups (n = 6 rats/group) which received physiological saline (10 mL/kg), unheated

coconut oil (UO, 10 mL/kg) or heated coconut oil (HO, 10 ml/kg) for 60 days. Groups that

received HO were subsequently treated with either physiological saline, atorvastatin (25

mg/kg), celecoxib (5 mg/kg) or celecoxib (10 mg/kg) in the last fifteen days of the experi-

ment. Rats were sacrificed 24 hours after last treatment and blood and tissue samples col-

lected for analysis. HO consumption produced significant hyperlipidaemia and elevation in

marker enzymes of hepatic function. Celecoxib ameliorated the hyperlipidaemia as shown

by the significantly (P<0.05) lower total cholesterol, triglycerides, low and very low density

lipoprotein in the celecoxib-treated rats when compared with HO-fed rats that received

saline. Celecoxib also reduced (P<0.05) alanine aminotransferase, aspartate aminotrans-

ferase, alkaline phosphatase and liver weight of hyperlipidaemic rats. Similarly, hepatocellu-

lar damage with the hyperlipidaemia was significantly reversed by celecoxib. However,

serum TNF-α and IL-6 did not change significantly between the various groups. Taken

together, data from this study suggest that celecoxib may exert therapeutic benefit in hyper-

lipidaemia and its attendant consequences.

Introduction

Hyperlipidaemia, also recognised as dyslipidaemia, describes the manifestation of different

disorders of lipoprotein metabolism [1]. Patients with hyperlipidaemia are mostly asymptom-

atic but have an increased risk for cardiovascular diseases (CVDs). CVDs are recognized as
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one of the leading causes of mortality and morbidity worldwide [2–6]. Atherosclerosis, a vas-

cular disease affecting blood circulation in the coronary, central, and peripheral arteries, is the

major form of CVD and it is characterized by chronic inflammatory build up, driven largely

by lipid accumulation within the walls of the artery. Unlike acute inflammation, atherosclero-

sis is hallmarked by a state of unresolved low-grade chronic inflammation [3]. Besides hyper-

tension, chronic dyslipidaemia is a major cause of atherosclerosis [7,8].

Hyperlipidaemia may affect the severity of tissue damage in other pathological conditions,

notably in liver injury [9]. Primary associated clinical findings of fatty liver are hyperlipidae-

mia, hyperglycaemia, hypertension, and hyperuricaemia [10]. Although, some success has

been achieved with the use of statins in the management of hyperlipidaemia [11], the use of

statins has been associated with side effects such as myopathy, headache, bowel upset, nausea,

sleep disturbance, increased creatinine phosphokinase and serum transaminase hence requir-

ing routine monitoring of these parameters [12]. Fibrates, bile acid sequestrants and nicotinic

acid which constitute the major alternative modalities of treatment also have some side effects

[12]. This notwithstanding, their control of lipid levels is far from satisfactory and thus calls

for increased search for newer drugs with hypolipidaemic properties or repurposing of existing

drugs for use in hyperlipidaemic conditions.

The non-steroidal anti-inflammatory drugs (NSAIDs) are used primarily for the manage-

ment of inflammatory conditions such as arthritis and are known to exert their effect via inhi-

bition of cyclooxygenase (COX-1 and COX-2) activity [13]. At higher concentrations, NSAIDs

also reduce production of superoxide radicals, induce apoptosis, reduce adhesion molecules

expression, decrease nitric oxide synthase, decrease pro-inflammatory cytokines (e.g., TNF-α,

interleukin-1) and alter cellular membrane functions [14]. All these markers are known to be

up-regulated in inflammatory conditions and other disorders which have inflammatory

subsidiaries. Some NSAIDs such as ibuprofen have been shown to lower plasma cholesterol

levels and reduce the progression of atherosclerosis [15–17] while others like indomethacin

lower cholesterol content in liver and atherosclerotic blood vessels [18,19].

The coxibs, designed to selectively block COX-2, appeared a promising solution in the

effort to avoid the gastrointestinal and other adverse effects that were noted with traditional

NSAIDs [20,21]. Celecoxib was the first specific COX-2 inhibitor approved for the treatment

of rheumatic diseases. Observations from several clinical studies have led to concerns about

the cardiovascular safety of the COX-2 inhibitors. While the evidence regarding the cardiovas-

cular risk associated with these drugs was not encouraging, a number of studies demonstrated

that celecoxib is safer than other coxibs and indeed several studies have shown that celecoxib is

capable of exerting a beneficial impact on cardiovascular health [22–25].

There has been a general assumption that COX-2 inhibitors may be beneficial in atheroscle-

rosis, liver disease and hypercholesterolaemia since pathogenesis of these diseases is closely

linked with prostaglandins [15] and since upregulation of COX-2 expression has also been

demonstrated in hyperlipidaemia [26]. In our previous study, celecoxib was observed to signif-

icantly attenuate hypercholesterolemia and lipid peroxidation associated with liver injury dur-

ing carbon-tetrachloride–associated hepatotoxicity in rats [27]. This important observation

needs further evaluation in experimental hyperlipidaemia models devoid of hepatotoxin to

ascertain the possible therapeutic potential of celecoxib in hyperlipidaemia. Considering the

huge cost, time, safety and legal challenges associated with discovery of newer drugs, repurpos-

ing of already existing drugs in clinical use for newer indications provides rapid alternative to

ensure improved access to medicines with relatively minimal resources. It is on this basis that

we evaluate the FDA-approved selective COX-2 inhibitor, celecoxib, as a potential addition to

the already existing pharmacotherapy for hyperlipidaemia in the current study.
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Materials and methods

Animals

Male Sprague-Dawley rats (170–250 g) were obtained from the Noguchi Memorial Institute

for Medical Research, Ghana. The animals were housed in stainless cages (34 × 47 × 18) in

groups of five at the animal house facility of School of Biological Sciences, University of Cape

Coast. Animals were fed with normal commercial diet bought from Flour Mills of Ghana Lim-

ited, Tema, Ghana and water was provided ad libitum. They were kept under normal labora-

tory conditions with regards to room temperature and humidity. All the techniques and

protocols used in the study were done in accordance with established public health guidelines

in “Guide for Care and Use of Laboratory Animals” [28] and approved by the Research and

Ethics Committee of the School of Pharmacy and Pharmaceutical Sciences, University of Cape

Coast (approval number UCCSoPPS/REC/18/004).

Drugs and chemicals

Celecoxib (Celebrex™) and Atorvastatin (Lipitor1) were purchased from Pfizer Pharmaceuti-

cal LLC, Vega Baja, Puerto Rico Virgin1 coconut oil was purchased from the Kotokuraba

market at Cape Coast, Ghana.

Experimental design and treatment

Thirty-six rats (weighing between 170–250 g) were divided into six groups of 6 rats per group

and fed with normal commercial diet during the 7-day acclimatization period and throughout

the 60-day experimental period. Animals were treated as follows as shown in the Table 1. The

required doses of the oil, normal saline (NS, 10 mL/kg), celecoxib (CXB, 5 and 10 mL/kg) and

atorvastatin (ATO, 25 mL/kg) were administered orally by the use of an oral gavage. Celecoxib

and atorvastatin were administered as emulsions with tween 80 q. s. as surfactant whereas the

corresponding NS as additional treatment contained 1% tween 80. The doses of CXB were

selected according to previous studies [27]. Administration were done such that animals

received oil/NS in the morning (06:00 GMT) and CXB or ATO or NS (containing 1% tween

80) in the evening at 18:00 GMT. This was done to ensure that animals received minimum

stress at each drug administration and also to prevent possible interferences in drug absorp-

tion. The various groups were then treated as follows: Group 1: physiological saline (NS, 5 mL/

kg/day) plus additional NS in 1% tween 80 (10 mL/kg/day) from 46th–60th day; Group 2:

unheated oil (UO, 5 mL/kg/day) for 45 days plus additional NS in 1% tween 80 (10 mL/kg/

day) from the 46th–60th day; Group 3: heated oil (HO, 5 mL/kg/day) for 45 days plus NS in

1% tween 80 (10 mL/kg/day) from the 46th– 60th day; Group 4: HO (5 mL/kg/day) for 45 days

plus atorvastatin (25 mg/kg/day) from the 46th -60th day; Group 5: HO (5 mL/kg/day) for 45

days plus celecoxib (5 mg/kg/day) from the 46th–60th day and Group 6: HO (5 mL/kg/day)

for 45 days plus celecoxib (10 mg/kg/day) from the 46th -60th day. Animals were fasted over-

night after all the treatments and fasting blood glucose levels were measured 24 h after the final

treatment on the 60th day. The animals were humanely sacrificed by cervical dislocation and

blood and organs were harvested for other investigations. Blood samples were collected via

cardiac puncture into EDTA and gel separator tubes for haematological and biochemical anal-

yses, respectively.

Total body weight relative weight of organs. The total body weight of animals were

recorded every ten (10) days. Additionally, on the 61st day, specific organs including the liver,

heart, kidney, lungs and spleen were harvested and weighed. Relative organ weights (mg/kg

body weight) were estimated and values analyzed.
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Haematological analysis. Blood samples were analyzed by haem automated analyzer

(CELL-DYN 1700, Abbot Diagnostics Division, Abbot Laboratories, Abbot Park, Illinois,

USA) for total blood count and specific differentials.

Biochemical analysis. Blood samples were allowed to clot for 30 min at room temperature

and centrifuged at 1000 rpm for 10 min. Serum obtained was stored at -20˚C until biochemical

analysis was carried out. Serum indices were analyzed by an automated analyzer (ATAC 8000

Random Access Chemistry System, Elan Diagnostics, Smithfied, RI, USA) and estimations for

aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase

(ALP), Creatinine, blood urea nitrogen (BUN), fasting blood sugar (FBS), total cholesterol

(TC), triglycerides (TG), high density lipoprotein (HDL) cholesterol direct, low-density lipo-

protein (LDL) cholesterol and very low-density lipoprotein (VLDL) were recorded.

Serum cytokine (IL-6 and TNF-α) levels. The blood samples were centrifuged at 1000

rpm for 10 min. Sera formed were aliquoted into eppendorf tubes and stored at -20˚C before

analysis. Serum levels of IL-6 and TNF-α were estimated in duplicates with specific rat ELISA

kit (Boster Biological Technology 3942 Valley Ave Pleasanton, CA 94566, USA) assay in accor-

dance with the recommendations of the manufacturer. The absorbance of the samples was

read at 450 nm using a micro-plate spectrometer (Spectramax 190 Micro-plate Spectrometer,

90-250V 50-60Hz, Molecular Devices, CA, USA).

Histopathological studies. Portions of the tissues from liver were used for histopatholog-

ical examination. Tissues were fixed in 10% neutral buffered formalin (pH 7.2) and dehydrated

through a series of ethanol solutions, embedded in paraffin and routinely processed for histo-

logical analysis. A section (2 μm thickness) was cut and stained with haematoxylin-eosin for

examination. The stained tissues were observed through an Olympus BX-51 microscope

(Olympus Corporation, Tokyo, Japan) and photographed by Infinity 4 USB Scientific Camera

(Lumenera Corporation, Otawa, Canada).

Data analysis

Data has been presented as mean of six rats ± standard error of mean (SEM). The presence of

significant differences between means of groups was determined by one-way analysis of vari-

ance (ANOVA) using GraphPad Prism for Windows version 7 (GraphPad Software, San

Diego, CA, USA). Significant difference between groups was determined using the Newman-

Keuls’ Multiple Comparison Test with P< 0.05 considered statically significant. Time-course

curves were analysed using two way ANOVA followed by Tukey’s post hoc test.

Results

Changes in total body and relative organ weights

The results presented in Fig 1 describe the effect of celecoxib (CXB 5 and 10 mg/kg) and atorva-

statin (ATO 25 mg/kg) on the total body of rats previously administered with heated coconut

Table 1. Treatment schedule.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Treatment for 60 Days NS 5 mL/kg UO 5 mL/kg HO 5 mL/kg HO 5 mL/kg HO 5 mL/kg HO 5 mL/kg

Additional Treatment from 46th to 60th Day NS 10 mL/kg NS 10 mL/kg NS 10 mL/kg ATO 25 mg/kg CXB 5 mg/kg CXB 10 mg/kg

NS = normal saline, UO = unheated oil, HO = heated oil, ATO = atorvastatin and CXB = celecoxib.

Group 1 (naïve control); Group 2 (unheated oil control); Group 3 (heated oil/negative control); Group 4 (positive control); Group 5 (low dose celecoxib) and Group 6

(high dose celecoxib).

https://doi.org/10.1371/journal.pone.0247735.t001
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oil. Administration of unheated oil to the rats significantly caused a decrease in total body

weights of rats at day 30 (P< 0.01), and days 40–60 (P< 0.001) compared to the heated oil only

treatment group. Also, a significant difference (P< 0.01) from the heated oil-only (negative

control) group was observed only at day 60 in the rats treated with the CXB 10 mg/kg. The rest

of the treatments did not cause any significant changes in the total body weights of rats in other

treatment groups in comparison with the negative control (heated oil only treatment group).

The results presented in Fig 2 also show that the relative liver weights (liver-to-body weight

ratio) of the group that received only heated oil was significantly (P< 0.05) higher compared

to the naïve control and unheated oil group. This was, however, significantly (P< 0.05)

decreased by treatment with celecoxib and atorvastatin. The relative weights of other organs

such as heart, kidney, lungs and spleen were not significantly affected as shown in Fig 2.

Changes in haematological parameters

The heated oil and the various drug treatments did not significantly (P> 0.05) alter haemato-

logical parameters such as the red blood cell count, haemoglobin, haematocrit, mean cell vol-

ume, mean cell haemoglobin concentration, platelet count, white blood cell count Fig 3.

Changes in serum biochemical parameters

Results presented in Fig 4 show alanine aminotransferase (ALT) and alkaline phosphatase

(ALP) activities of rats fed with heated coconut oil were significantly (P< 0.05) higher than

those of the naïve control. However, treatment with celecoxib (5 and 10 mg/kg) significantly

(P< 0.01) reversed these elevations in the liver enzymes. Activities of aspartate aminotransfer-

ase (AST) enzyme as well as fasting blood glucose were however, not significant different

among the various treatment groups.

Fig 1. Effect of celecoxib (CXB 5 and 10 mg/kg) and atorvastatin (ATO 25 mg/kg) on the total body weight of rats.

The symbol �� and ��� represent significant differences (P< 0.01 or P< 0.001 respectively) between treatment groups

and heated oil only group (all were compared using two-way ANOVA followed by Tukey’s post hoc test).

https://doi.org/10.1371/journal.pone.0247735.g001
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With respect to urea however, treatment of rats with heated oil significantly reduced its

levels compared to the naïve control and those treated with unheated oil. The decrease was

however, significantly (P< 0.05) reversed to normal by both doses of celecoxib but not atorva-

statin (Fig 4).

Changes in lipid profile

Treatment of rats with heated oil only significantly (P< 0.05) elevated the levels of cholesterol,

triglycerides, LDL as well as VLDL. All these parameters were significantly reversed by

Fig 2. Effect of celecoxib (CXB 5 and 10 mg/kg) and atorvastatin (ATO 25 mg/kg) on the weight of (a) liver, (b)

heart (c) kidney (d) lungs and (e) spleen in heated-oil induced hyperlipidaemia model in Sprague-Dawley rats.

Values are expressed as mean ± SEM (n = 6). The symbol � represents significant differences between treatment groups

and heated oil only group (P< 0.05) (all were compared using one-way ANOVA followed by Newman-Keuls’ post hoc
test).

https://doi.org/10.1371/journal.pone.0247735.g002
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Fig 3. Effect of celecoxib (CXB 5 and 10 mg/kg), atorvastatin (ATO 25 mg/kg) on haematological parameters such

as (a) white blood cells (b) red blood cells (RBCs) (c) haemoglobin (d) haematocrit (e) mean cell volume (MCV)

(f) mean cell haemoglobin (g) mean cell haemoglobin concentration (MCHC) and (h) platelet in overheated-oil

induced hyperlipidaemia in Sprague-Dawley rats. Values are expressed as mean ± SEM (n = 6). There were no

significant differences between treatment groups and the various controls.

https://doi.org/10.1371/journal.pone.0247735.g003
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Fig 4. Effect of celecoxib (CXB 5 and 10 mg/kg), atorvastatin (ATO 25 mg/kg) on serum lipid parameters such as (a) AST (b) ALT

(c) ALP and (d) urea; and (e) fasting blood sugar in overheated-oil induced hyperlipidaemia in Sprague-Dawley rats. Values are

expressed as mean ± SEM (n = 6). The symbols � and �� represents significant differences (P< 0.05 and P< 0.01 respectively) between

treatment groups and heated oil only group (all were compared using one-way ANOVA followed by Newman-Keuls’ post hoc test).

https://doi.org/10.1371/journal.pone.0247735.g004
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treatment with atorvastatin and celecoxib. The levels of high density lipoproteins (HDL) were

not significantly affected compared to the controls despite the fact that the levels decreased in

rats treated with unheated oil only (Fig 5).

Changes in cytokine levels

Results presented in Fig 6 show that treatment of rats with heated coconut oil did not induce

significant changes in the levels both TNF-α as well as interleukin 1β compared with naïve

control group. Additionally, the celecoxib as well as atorvastatin did not alter the levels of the

cytokines significantly (Fig 6).

Histopathological changes in the liver

Photomicrographs presented in Fig 7 show that the naïve control (A) and unheated oil group

(B) present with typical histomorphology characterized by densely packed hepatocytes with

normal staining intensity, cellularity, with no apparent pathological alterations. Group C

(heated oil only treated group) and group D (heated oil plus atorvastatin 25 mg/kg treated

group) present with darkly stained nuclei suggesting pyknotic changes. Groups E and F repre-

senting animals treated with heated oil as well as celecoxib (5 mg/kg and 10 mg/kg respec-

tively) also show characteristically normal hepatic histomorphology.

Discussion

The global increase in the incidence of cardiovascular events continues to present a major pub-

lic health issue because treatment remains suboptimal. Evidence abounds that lipid lowering

therapy with statins (or ezetimibe in combination with a statin) contributes to reducing major

adverse cardiovascular events. In spite of this, substantial risk of cardiovascular events remains

even among patients receiving statin therapy whose LDL-C is <70 mg/dL [29,30]. Alternative

strategies are also required to lower lipids in patients who experience adverse effects on maxi-

mally tolerated statin therapy. These challenges call for innovations in the field of dyslipidae-

mia to address the several areas of unmet need [29].

Recent studies have demonstrated the association between increase in the expression of

COX-2 and the development of metabolic disorders including obesity, diabetes mellitus, and

non-alcoholic fatty liver disease (NAFLD). Studies have also shown that COX-2 activity not

only has influence on insulin sensitivity [31], but also acts as pro-inflammatory mediator dur-

ing the progression of NAFLD [32]. The latter has gained prominence as part of the possible

mechanisms contributing to the protective effect of celecoxib against the development of

NAFLD. Many studies suggested that celecoxib could attenuate liver steatosis and inflamma-

tion in NAFLD [33]. We also observed the ability of celecoxib to lower plasma cholesterol and

attenuate hepatic lipid peroxidation in CCl4-mediated hepatotoxicity in rats [27]. In this study,

we examined if the observed hypocholesterolaemic property of celecoxib in our previous study

was unrelated to its hepatoprotective effect by evaluating its lipid lowering potential in rats fed

with high fat (heated coconut oil) and without chemically-mediated hepatic injury.

The results presented in Fig 2 describe the effect of celecoxib (CXB 5 and 10 mg/kg) and

atorvastatin (ATO 25 mg/kg) on hyperlipidaemia induced by heated coconut oil. Naïve control

group received only normal saline (10 mL/kg) throughout the experiment, the negative control

group received heated oil and normal saline (10 mL/kg) whereas another group received

unheated oil and normal saline (10 mL/kg). The relative liver weight (liver-to-body weight

ratio) of the group that received only heated oil was significantly (P< 0.05) higher compared

to the naïve control and unheated oil group. This was, however, significantly (P< 0.05)

decreased by treatment with celecoxib and atorvastatin. The relative weights of other organs
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Fig 5. Effect of celecoxib (CXB 5 and 10 mg/kg), atorvastatin (ATO 25 mg/kg) on serum lipid parameters such as (a) cholesterol (b)

triglycrides (c) low density lipoprotein (d) very low density lipoprotein and (e) high density lipoprotein cholesterol in overheated-

oil induced hyperlipidaemia in Sprague-Dawley rats. Values are expressed as mean ± SEM (n = 6). The symbols � and �� represents

significant differences (P< 0.05 and P< 0.01 respectively) between treatment groups and heated oil only group (all were compared

using one-way ANOVA followed by Newman-Keuls’ post hoc test).

https://doi.org/10.1371/journal.pone.0247735.g005
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such as heart, kidney, lungs and spleen were not significantly affected as shown in Fig 2. Gen-

erally, when oil is subjected to high temperature heating, free radicals are generated [34]. This

may lead to several pathological changes in some organs as seen in the significantly increased

weight of the liver. This remarkable increase in liver-to-body weight ratio has been attributed

to the ability of the oil to increase liver microsomal lipid composition resulting in fatty liver

[35]. Importantly, both celecoxib and atorvastatin significantly reversed the liver weight to

normal which suggests a possible reduction in the fat accumulation in the liver.

Earlier reports suggest that there is a strong correlations (both positive and negative)

between the haematological parameters and the different lipid parameters [36,37]. Despite this

fact, none of the haematological parameters assessed in the study was significantly affected

(Fig 2).

Fig 6. Effect of celecoxib (CXB 5 and 10 mg/kg) and atorvastatin (ATO 25 mg/kg) on the levels of serum cytokines such as (a) TNF-α and (b) IL-6

in overheated-oil induced hyperlipidaemia in Sprague-Dawley rats. Values are expressed as mean ± SEM (n = 6). There were no significant

differences between heated oil and other treatment groups (all were compared using one-way ANOVA followed by Newman-Keuls’ post hoc test).

https://doi.org/10.1371/journal.pone.0247735.g006

Fig 7. Representative photomicrographs of the liver of experimental animals showing the general

histomorphology. (A) naïve control group (B) unheated oil treated group (C) heated oil only treated group as negative

control, (D) heated oil in addition to atorvastatin 25 mg/kg (E) heated oil in addition to celecoxib 5 mg/kg and (F)

heated oil in addition to celecoxib 10 mg/kg. Scale bar is 50μ.

https://doi.org/10.1371/journal.pone.0247735.g007

PLOS ONE Hypolipideamic effect of celecoxib

PLOS ONE | https://doi.org/10.1371/journal.pone.0247735 August 17, 2021 11 / 16

https://doi.org/10.1371/journal.pone.0247735.g006
https://doi.org/10.1371/journal.pone.0247735.g007
https://doi.org/10.1371/journal.pone.0247735


Results presented in Fig 3 show alanine aminotransferase (ALT) and alkaline phosphatase

(ALP) activities of rats fed with heated coconut oil were significantly (P<0.05) higher than

those of the naïve control. This is an indication of a possible hepatocellular damage [38].

Despite both atorvastatin and celecoxib were able to reverse the anomaly in the levels of ALP,

only celecoxib was able to significantly reverse the ALT levels to normal. The ALT enzyme is

distributed in many tissues, but higher levels are present in the liver with elevated serum levels

found in hepatocellular disorders than in intrahepatic or extra-hepatic cholestatic disorders.

Celecoxib (5 and 10 mg/kg) significantly (P< 0.01) reversed this effect and this could be point-

ing to an ameliorative or protective effect of celecoxib against liver dysfunction associated with

hyperlipidaemia. This results also confirm the possible involvement of liver disease and

hypercholesterolaemia [27,38].

Furthermore, we observed that sub-chronic administration of heated oil also produced a

significant decrease in blood urea levels in the rats in the negative control compared to the

naïve control. Though reduced protein intake and pregnancy could account for physiological

decrease in serum urea levels [39], these factors were ruled out as all animals used in our study

were given same protein-rich diet and none of them was pregnant. However, ample evidence

suggests that pathological cause of reduced serum urea concentration is largely confined to

severe liver disease [39,40]. This reflects the central role that the liver plays in urea production

via the urea cycle. As such, a compromised liver could result in a decreased production of urea

and a consequent reduction in serum urea concentration. This decrease was significantly

reversed by celecoxib, but not atorvastatin, which suggests the former played a role in protect-

ing the liver thereby restoring urea production capacity of the liver to normal. Already, the

hepatoprotective effect of celecoxib has been reported by our group (27). However, this hepa-

toprotective was as not observed in the group that was treated with atorvastatin. This also sug-

gests that, unlike celecoxib, the hypolipideamic effect of atorvastatin is devoid of a significant

hepatoprotective activity.

Rather obvious and significant (P< 0.05) was the increase in total cholesterol, triglyceride,

LDL, and VLDL levels in the heated oil treated group as shown in Fig 5. Treatment with ator-

vastatin and celecoxib significantly (P< 0.05) ameliorated this effect. Hyperlipidaemia with a

noticeable increase in low-density lipoprotein (LDL) cholesterol levels is common in patients

with chronic cholestatic liver disease [40]. Therefore, the corresponding increase in ALT is not

surprising though an increase in AST should have been expected. Some lipoproteins (notably

those containing apoprotein B-100) are retained in the sub-endothelial space, by means of a

charge-mediated interaction with extracellular matrix and proteoglycans [41]. This allows

reactive oxygen species to modify the surface phospholipids and unesterified cholesterol of the

small LDL particles. Because of LDL oxidation, isoprostanes are formed [42]. Vasoconstriction

in the setting of high levels of oxidized LDL appear to be associated with a reduced release of

the vasodilator nitric oxide from the damaged endothelial wall as well as increased platelet

aggregation and thromboxane release [38,43]. The state of hypercholesterolaemia leads invari-

ably to an excess accumulation of oxidized LDL within the macrophages, thereby transforming

them into "foam" cells. The rupture of these cells can lead to further damage of the vessel wall

due to the release of oxygen free radicals, oxidized LDL, and intracellular enzymes [43].

Abnormal production of some cytokines such as tumour necrosis factor (TNF)-α, interleu-

kin-1-beta (IL- 1β), soluble IL-2 receptor (sIL-2R), IL-6, and chemokine IL-8 have been impli-

cated in the pathogenesis of various inflammatory and autoimmune diseases [43]. When the

sera of animals treated with heated oil were tested for serum cytokines (IL-6 and TNF-α), lev-

els were not significantly (P> 0.05) affected as shown in Fig 6. Though many in vivo studies

have demonstrated that TNF-α and IL-6 are important components of the pro-inflammatory

response [44], this was not observed in our study.
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Since the liver was the only organ whose relative weight was significantly affected by the

various treatments, it was expedient to conduct a histopathological study on them. This falls in

line with the recommendation of the Society for Pathology and Toxicology (STP) that organ

weights should be interpreted alongside hisptopathology [45]. Results obtained from the his-

tology of the tissues from animals that received heated oil only as presented in Fig 7 showed a

distorted architecture of the liver with pyknotic nuclei. These changes were not observed in

the naïve control groups as well as the group that received unheated oil. Treatment with 5 mg/

kg and 10 mg/kg celecoxib reduced this damage to a very large extent. However, the histology

of the group that received atorvastatin was not significantly different from the heated oil only

group. Though the histological differences between the heated oil only group and the celecoxib

groups were quite moderate, there were significant differences in liver enzymes such as ALT

and ALP which are important markers of liver damage. It is worth noting that despite elevated

transaminase activities is considered as an important marker of liver damage, a drastic eleva-

tion of serum activities of liver enzymes markers ought not necessarily to reflect liver cells

death with its associated marked alterations in histomorphology [46].

The present study has some few limitations and we believe that these challenges will create

perspectives for future direction. First, we were constrained to using six animals per group for

our study due to ethical considerations. The strength of data interpretation and statistical sig-

nificance may be influenced by this sample size, although reliance on statistical significance in

biological experiments remains controversial. Secondly, the animals received the various treat-

ments orally via the oral gavage method. This was done to ensure that all animals receive the

required quantities of the oil and drugs. Although we do acknowledge that this may have

induced some stress in the animals, we ensured that the results obtained was not attributed to

the drug administration method by subjecting the control animals to similar treatment. As

such, the anticipated stress was evenly distributed between control and drug treatment groups.

Conclusion

Celecoxib exhibited an attenuating effect on hyperlipidaemia and liver injury associated with

sub-chronic ingestion of high fat (heated oil) in rats. Overall, findings from this study suggest

that celecoxib, in addition to its established anti-inflammatory property, may be of therapeutic

benefit in dyslipidaemia or related metabolic diseases and their attendant complications.
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