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A B S T R A C T

The global embrace of the Western dietary style has necessitated the need for supplementation with omega-3
fatty acids (N-3) to redress the imbalance in omega-6/omega-3 fatty acids ratio. Therefore, the study in-
vestigated the effects of pre-treatment with N-3 in adult male Wistar rats exposed to diclofenac sodium (DF).
Twenty adult male Wistar rats were used for this study. They were divided into 4 groups of 5 rats each, which
included: Group 1 - Normal control; Group 2 - DF control; Group 3 - Low N-3+DF; and, Group 4 - High N-
3+DF. The rats in group 2 were administered DF (10mg/kg b.w./day, im) during the last 7 days of the ex-
periment, while the rats in groups 3 and 4 were pre-treated with N-3 at 100 and 300mg/kg b.w./day, po
respectively for 21 days, afterwards, they received DF at 10mg/kg b.w./day (im) for 7 days. The result showed
that DF significantly increased malondialdehyde, lactate dehydrogenase, and pro-inflammatory markers (total
white blood cell count, uric acid, platelet/lymphocyte and neutrophil/lymphocyte ratios). Moreover, DF sig-
nificantly elevated the activities of alanine aminotransferase, aspartate aminotransferase, and alkaline phos-
phatase, but, significant reduced the total antioxidant capacity and the activities of superoxide dismutase,
catalase, and glutathione peroxidase. The histological results were parallel to the biochemical and haematolo-
gical findings. Pre-treatment with N-3 significantly prevented the manifestation of the abnormalities brought
about by DF. Although there were indications of the dose-dependent effects of N-3, the low dose was found to be
more effective. In conclusion, the pre-administration of N-3, preferably at a low dose, could reduce hepato-
toxicity that could result from subsequent exposure to DF.

1. Introduction

Diclofenac belongs to non-steroidal anti-inflammatory drug
(NSAID) family. It is a phenylacetic acid derivative which is well-known
for its analgesic and anti-inflammatory properties [1]. Also, its anti-
pyretic and anti-bacterial effects have been reported [2,3]. Despite the
therapeutic actions of DF, it has notable adverse effects.

The mechanism of DF-induced hepatotoxicity has been partially
attributed to; mitochondrial injury [4,5], generation of oxidative stress
[6], alteration of the integrity of covalent protein by reactive metabo-
lites [7], and immune-mediated mechanisms [8]. Studies have in-
dicated that the metabolites of DF are capable of causing hepatocytes
apoptosis [9]. Therefore, potential therapeutic agent that could arrest
any of the pathological pathways activated by DF, could be used to
arrest or reverse its cytotoxic action. Omega-3 fatty acids (N-3) have
been noted to have NSAIDs sparing effects [10].

Western diets are considered as having omega-6 to omega-3 fatty
acids ratio of 15–30:1, whereas diets which we are naturally adapted to,

such as, those for palaeolithic and modern hunter-gatherers, contain
almost equal amount of omega-6 and omega-3 fatty acids (1:1–2:1)
[11]. The high content of omega-6 polyunsaturated fatty acids in
Western diets have been linked with a number of inflammatory dis-
orders e.g. rheumatoid arthritis, heart disease, colitis, and osteoarthritis
[12]. Hence, dietary supplementation with N-3 has been recommended
to redress this imbalance.

Therefore, the present study investigated the effects of pre-treat-
ment with omega-3 fatty acids (eicosapentaenoic acid and docosahex-
aenoic acid − 3:2) on liver function parameters, antioxidant/pro-oxi-
dant indices, and systemic inflammatory markers in diclofenac-induced
hepatotoxicity in male Wistar rats.

2. Materials and methods

2.1. Drugs

Omega-3 fatty acids were procured from Gujarat Liqui Pharmacaps
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Pvt. Ltd., Vadodara, Gujarat, India, while diclofenac sodium was pur-
chased from Wuhan Grand Pharmaceutical Company, Wuhan, Hubei,
China. In addition, ketamine hydrochloride and xylazine were pur-
chased from Nicholas Piramal Ltd., Thane, Maharashtra, India.

2.2. Animal care

Twenty (20) adult male Wistar rats (weight range: 150–200 g) were
used for this study. They were acquired from trusted commercial
breeders. The rats were kept in wooden cages, which were placed in the
animal house of the resident university of the authors, at about 27 °C
temperature and photo-periodicity of about 12 h light/12 h dark. The
animals were given standard pelletised diet (Ace Feed PLC Ibadan,
Nigeria) and water ad libitum daily, and were weighed weekly. After
seven (7) days of acclimatisation, but before the administration of
different drugs that were used in this study, the rats were randomly
divided into separate groups. The animals were well-catered for in ac-
cordance with the National Institutes of Health “guide for the care and
use of Laboratory animals” (NIH Publications No. 8023, revised 1978).

2.3. Experimental design

The twenty (20) rats that were used for this study were randomly
divided into 4 groups, which included: Group 1 − Normal control;
Group 2 − Diclofenac (DF) control; Group 3 − Low dose of omega-3
fatty acids (Low N-3) + DF; and, Group 4− High dose of omega-3 fatty
acids (High N-3) + DF. The rats in group 2 were administered DF at
10mg/kg b.w./day (im) during the last seven (7) days of the experi-
ment i.e. day 21–28. While the rats in groups 3 and 4 were pre-treated
with N-3 (eicosapentaenoic acid and docosahexaenoic acid − 3:2) at a
low and high dose of 100 and 300mg/kg body weight (b.w.)/day (po)
respectively, during the first 21 days of the experiment, afterwards,
they were post-treated with DF for 7 days.

2.4. Biochemical and haematological analyses

Twelve (12) hours after treatments on the 28th day of the experi-
ment, the rats were administered combined doses of ketamine hydro-
chloride (50mg/kg/b.w.) and xylazine (5mg/kg/b.w.) [13] in-
tramuscularly. Afterwards, they were dissected, and blood was
collected by cardiac puncture into heparinised tubes which were cen-
trifuged at 4000 revolutions per minute, for 15min, at − 4 °C, using a
cold centrifuge (Bench top centrifuge, Bio-Gene Technology Ltd.,
Grandtech Centre, Shatin, Hong Kong). The separated plasma samples
were collected into separate plain tubes prior to the biochemical ana-
lysis, while the blood samples needed for the haematological analysis
were collected in ethylenediaminetetraacetic acid (EDTA) tubes.

The diagnostic kits for the determination of superoxide dismutase,
lactate dehydrogenase, uric acid, and total antioxidant capacity were
purchased from Fortress Diagnostics Limited, Belfast,

Northern Ireland, United Kingdom. Moreover, the analytic kits for
the determination of alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, total bilirubin, glutathione peroxidase,
malondialdehyde, and catalase were purchased from Elabscience

Biotechnology Company Ltd., Wuhan, Hubei, China. The analyses were
performed according to the manufacturers’ instruction.

As for the haematological analysis, the total leukocyte count was
determined by the haemocytometer method [14], while the differential
leukocyte and platelet count were enumerated by the battlement
counting method [15].

2.5. Histopathological analysis

Immediately after the rats were sacrificed, the hepatic tissues were
fixed in 10% formalin, dehydrated in graded alcohol, cleared in xylene,
and then embedded in paraffin wax. Afterwards, the tissues were cut
into 2–3 μm thick sections by a microtome, fixed on the slides, and then
stained with haematoxylin-eosin (H and E). The slides were examined
under a light microscope at x40 magnification (Olympus CH; Olympus,
Tokyo, Japan), and photomicrographs were taken with a Sony digital
camera (Model number: DSC-W710) [16,17].

2.6. Data analyses

Data were analysed using statistical package for social sciences
(SPSS) version 20.0. Statistical evaluations of the differences between
the group mean values were tested by one way analysis of variance
(ANOVA) following Turkey post-hoc test. The results were expressed as
mean ± standard error of mean (SEM) and statistical significance was
considered at p < .05.

3. Results

3.1. Effects of omega-3 fatty acids (N-3) on alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
total bilirubin (TB), uric acid (UA), and total white blood cell (WBC) count
in diclofenac sodium (DF) −induced hepatotoxicity in rats

Compared to normal control group, there were significant
(p < 0.05) increases in ALT activity in groups 2–4 (DF control, Low N-
3+DF, and High N-3+DF) (Table 1). Relative to DF control group,
significant decreases in ALT activity were documented in groups 3 (Low
N-3+DF) and 4 (High N-3+DF). There were significant (p < .05)
increases in AST activity in groups 2 (DF control) and 4 (High N-
3+DF), compared to normal control group (Table 1). Relative to DF
control group, there were significant reductions in AST activity in
groups 3 (Low N-3+DF) and 4 (High N-3+DF). Moreover, compared
to group 4 (High N-3+DF), a significant reduction in AST activity was
noted in group 3 (Low N-3+DF). A significant (p < .05) increase in
ALP activity was recorded in DF control group, compared to normal
control group (Table 1). Relative to the former, there were significant
decreases in ALP activity in groups 3 (Low N-3+DF) and 4 (High N-
3+DF). Compared to normal control group, there were significant
(p < .05) increases in TB level in DF control and High N-3+DF groups
(Table 1). A significant (p < .05) elevation in UA level was docu-
mented in DF control group, compared to normal control group
(Table 1). Relative to the former, significant decreases in UA level were
recorded in groups 3 (Low N-3+DF) and 4 (High N-3+DF).

Table 1
Effects of omega-3 fatty acids (N-3) on alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TB), uric acid (UA), and total white
blood cell count (WBC) in diclofenac sodium (DF) − induced hepatotoxicity in rats.

Groups PLAT (%) NEUT (%) LYMPH (%) PLR NLR

1. Normal Control 193.20 ± 1.88 11.29 ± 0.90 91.88 ± 0.85 2.21 ± 0.01 0.13 ± 0.01
2. DF Control 212.62 ± 1.17* 31.24 ± 2.11* 73.76 ± 2.11* 3.04 ± 0.07* 0.45 ± 0.04*

3. Low N-3+DF 150.36 ± 5.55*# 15.47 ± 0.84 # 86.45 ± 0.91# 1.83 ± 0.07*# 0.19 ± 0.01#

4. High N-3+DF 202.86 ± 4.72a 12.04 ± 0.24 # 89.18 ± 2.06# 2.40 ± 0.10#a 0.14 ± 0.00#

Values across the column are expressed as mean ± SEM. *p < .05 is significant compared to group 1 (normal control); #p < .05 is significant compared to group 2 (DF control);
ap < .05 is significant − Low N–3+DF vs High N–3+DF.
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Moreover, compared to normal control, DF control, and High N-3+DF
groups, there was a significant (p < .05) reduction in total WBC count
in Low N-3+DF group (Table 1).

3.2. Effects of omega-3 fatty acids (N-3) on platelet count (PLAT),
neutrophil count (NEUT), lymphocyte count (LYMPH), platelet-lymphocyte
ratio (PLR), and neutrophil-lymphocyte ratio (NLR) in diclofenac sodium
(DF) − induced hepatotoxicity in rats

Relative to normal control group, there was a significant (p < .05)
increase in PLAT count in DF control group, however, a significant
decrease was recorded in group 3 (Low N-3+DF) (Table 2). Compared
to the latter, a significant increase in PLAT count was noted in High N-
3+DF group. Significant (p < .05) elevations in NEUT count and NLR
were recorded in DF control group, compared to normal control group
(Table 2). Relative to the former, significant decreases in NEUT count
and NLR were documented in groups 3 (Low N-3+DF) and 4 (High N-
3+DF). There was a significant (p < .05) reduction in LYMPH count
in DF control group, compared to normal control group (Table 2). Re-
lative to the former, there were significant increases in LYMPH count in
groups 3 (Low N-3+DF) and 4 (High N-3+DF). Compared to normal
control group, there was a significant (p < .05) increase in PLR in DF
control group, however, a significant decrease was recorded in group 3
(Low N-3+DF) (Table 2). Moreover, there were significant decreases
in PLR in Low N-3+DF and High N-3+DF groups, compared to DF
control group. More so, compared to group 4 (High N-3+DF), a sig-
nificant reduction in PLR was recorded in group 3 (Low N-3+DF).

3.3. Effects of omega-3 fatty acids (N-3) on malondialdehyde (MDA),
lactate dehydrogenase (LDH), superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPX), and total antioxidant capacity (TAC) in
diclofenac sodium (DF) − induced hepatotoxicity in rats

Relative to normal control group, there was a significant (p < .05)
elevation in MDA level in the DF control group (Fig. 1). Compared to
the latter, there were significant decreases in MDA in groups 3 (Low N-
3+DF) and 4 (High N-3+DF). There was a significant (p < .05)
increase in LDH activity in DF control group, compared to normal
control group (Fig. 2). Moreover, a significant decrease in LDH activity
was documented in Low N-3+DF group, relative to DF control group.
There was a significant (p < .05) decrease in SOD activity in DF con-
trol group, compared to normal control group (Fig. 3). Relative to the
former, there were significant increases in SOD activity in groups 3
(Low N-3+DF) and 4 (High N-3+DF). Furthermore, relative to group
4, there was a significant increase in SOD activity in group 3. A sig-
nificant (p < .05) decrease in CAT activity was recorded in DF control
group, compared to normal control group (Fig. 4). Compared to the
former, significant increases in CAT activity were recorded in groups 3
(Low N-3+DF) and 4 (High N-3+DF). Relative to normal control
group, significant (p < .05) decreases in GPX activity was documented
in groups 2 (DF control) and 3 (Low N-3+DF) (Fig. 5). There were
significant (p < .05) elevations in TAC in groups 3 (Low N-3+DF)
and 4 (High N-3+DF), compared to DF control group (Fig. 6). In ad-
dition, relative to normal control group, there was a significant increase

in TAC in group 3 (Low N-3+DF).

3.4. Effects of omega-3 fatty acids (N-3) on the histoarchitecture of the
hepatic in diclofenac sodium (DF) − induced hepatotoxicity in rats

The micrograph of normal control group shows normal central vein
and hepatocytes (Fig. 7A). In DF control group, the micrograph shows
distorted central vein, significant infiltration with inflammatory cells,

Table 2
Effects of omega-3 fatty acids (N-3) on platelet count (PLAT), neutrophil count (NEUT), lymphocyte count (LYMPH), platelet-lymphocyte ratio (PLR), and neutrophil-lymphocyte ratio
(NLR) in diclofenac sodium (DF) − induced hepatotoxicity in rats.

Groups ALT (U/L) AST (U/L) ALP (U/L) TB (mg/dl) UA (mg/dl) WBC (x109)

1. Normal Control 3.76 ± 0.43 1.41 ± 0.16 3.72 ± 0.15 0.04 ± 0.00 1.43 ± 0.05 10.62 ± 0.58
2. DF Control 11.50 ± 0.82* 4.44 ± 0.27* 9.80 ± 1.03* 0.10 ± 0.00* 2.17 ± 0.10* 12.42 ± 0.32
3. Low N-3+DF 7.73 ± 0.73*# 1.15 ± 0.07# 1.67 ± 0.36# 0.05 ± 0.01 1.31 ± 0.04# 8.00 ± 0.63*#

4. High N-3+DF 8.42 ± 0.52*# 2.97 ± 0.09*#a 3.40 ± 0.57# 0.10 ± 0.02* 1.35 ± 0.08# 11.05 ± 0.67a

Values across the column are expressed as mean ± SEM. *p < .05 is significant compared to group 1 (normal control); #p < .05 is significant compared to group 2 (DF control);
ap < .05 is significant − Low N–3+DF vs High N–3+DF.

Fig. 1. Effect of omega-3 fatty acids (N-3) on malondialdehyde (MDA) level (uM) in so-
dium diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol; #p < .05 is significant compared to DF control.

Fig. 2. Effect of omega-3 fatty acids (N-3) on lactate dehydrogenase (LDH) activity (U/L)
in sodium diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol; #p < .05 is significant compared toDF control.
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normal and dead hepatocytes, and marked degeneration of hepatic
tissue (Fig. 7B). In the Low N-3+DF group, the micrograph shows mild
distortion of the central vein, mild infiltration with inflammatory cells,
some hepatocytes, and mild degeneration of hepatic tissue (Fig. 7C).
Relative to the group 3 (Low N-3+DF), in the High N-3+DF group,
the micrograph shows more distortion of the central vein, more in-
filtration with inflammatory cells, few hepatocytes, and notable de-
generation of the hepatic tissue (Fig. 7D).

4. Discussion

In the present study, the administration of DF caused an imbalance
in the antioxidant system, lipid peroxidation, pro-inflammatory re-
sponses, and significant increases in the plasma activities of ALT, AST
and ALP. However, pre-treatment with N-3 prior to the administration
of DF prevented the overt manifestation of these physiological ab-
normalities.

The administration of DF has been reported to be accompanied with
increased oxidative stress [6] as a result of down-regulation of the
antioxidant system. In agreement with previous study, significant de-
creases in the activities of SOD, CAT, and GPX attended the

administration of DF in the present study. Relative to the high dose, pre-
treatment with low dose of N-3 before the administration of DF showed
preferable pharmacological benefits on TAC and SOD, and not on GPX
and CAT. N-3 have been reported to elevate [18,19] or have no sig-
nificant effect on reactive oxygen species (ROS) level [20]. However,
there are also reports on the antioxidant effect of N-3 [21,22]. In the
present study, it was probable that pre-treatment with N-3 boosted the
antioxidant system, and as such, increased its capacity in handling
treats caused by subsequent exposure to DF, which is a pro-oxidative
agents. The suggested effect of N-3 possibly account for the significant
reduction in lipid peroxidative marker − MDA, and the significant
diminution in the incidence of tissue damage or death in the pre-treated
groups, indicated by the determination of LDH activity. An inverse
association has been established between the efficiency of the anti-
oxidant system and lipid peroxidative event [23]. In the present study,
peroxidation of membrane lipid was positively related to the activity of
LDH. This proves that an elevation in the activity of LDH is one of the
results of oxidative stress. Moreover, elevated activity of LDH has been
associated with tissue damage or death [24]. In the pre-treated groups,

Fig. 3. Effect of omega-3 fatty acids (N-3) on superoxide dismutase (SOD) (U/L)in sodium
diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol; #p < .05 is significant compared to DF control; ap < .05 is significant − Low N-
3+DF vs High N-3+DF.

Fig. 4. Effect of omega-3 fatty acids (N-3) on catalase (CAT) activity (Umol/min/ml) in
sodium diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol; #p < .05 is significant compared to DF control).

Fig. 5. Effect of omega-3 fatty acids (N-3) on glutathione peroxidase (GPX) activity (U/L)
in sodium diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol.

Fig. 6. Effect of omega-3 fatty acids (N-3) on total antioxidant capacity (TAC) (mM
Trolox Equivalent) in sodium diclofenac (DF) − induced hepatotoxicity in rats.
Values are expressed as mean ± SEM. *p < .05 is significant compared to normal con-
trol; #p < .05 is significant compared to DF control.
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the low and high doses of N-3 reduced MDA and LDH to a level that was
comparable to the normal control group. This is an evidence of the anti-
lipid peroxidative effect of N-3, and hence their protective action on
cellular integrity.

Inflammation and oxidative stress are closely associated events.
Inflammation is considered as one of the consequences of oxidative
stress, as the pathways that instigate the production of inflammatory
mediators are all triggered by oxidative stress [25]. Some reactive
species can initiate intracellular signaling cascade that enhances the
expression of pro-inflammatory gene [26,27]. Conversely, in-
flammatory cells release free radicals at the site of inflammation, re-
sulting to exaggerated pro-oxidative response [28]. Increased WBC
count, platelet/lymphocyte and neutrophil/lymphocyte ratios, and UA
have been considered as useful index of systemic inflammation
[29,30,31,32]. Apart from the fact that UA promotes inflammatory
pathways by activating nuclear factor kappa B and p38 mitogen-acti-
vated protein kinase [33], it is also considered as one of the primary
endogenous danger signals that are released from injured cells [34].
The significant increase in the level of UA in the plasma of DF treated
group was positively related to the activity of LDH in this group. This
proves that the administered DF was accompanied with compromised
cellular integrity and possibly death. In addition to pro-oxidative
events, the administration of DF also features pro-inflammatory reac-
tions. This was confirmed by the significant increases in the total WBC
count, PLR, NLR, and UA in the DF control. However, in the N-3 pre-
treated groups, the systemic levels of these parameters were largely
comparable to that which is applicable in a physiological state.

Although there was no disparity in the effects of graded doses of N-3 on
NLR and UA, however, the determination of total WBC count and PLR
proved that the low dose of N-3 have a more desirable effects. It has
been documented that supplementation with N-3 at a high dose could
be accompanied with some unfavorable events [35]. The noted anti-
inflammatory effects of N-3 [36] in this study could be attributed to
their metabolites, such as, resolvins [37], neuroprotectin-D1 and doc-
osatrienes [38,39]. Resolvin D1, resolvin E1, and protectin D1 inhibits
transendothelial migration of neutrophils into sites of inflammation.
While resolvin D1 inhibits IL-1beta production, protectin D1 attenuates
the production of TNF-alpha and IL-1beta [40,41,42]. Specifically,
protectin D1 seems to have an important role in protecting tissues from
extreme damage in a variety of experimental conditions (40) and may
be important in preventing neurodegeneration [43].

Although the breakdown of the antioxidant system could precipitate
pro-inflammatory responses, it could also be the underlying factor re-
sponsible for the recorded significant increases in the activities of AST,
ALT, ALP, and the significant elevation in the plasma level of TB.
Increased expression of these markers has been associated with the
dysfunction of the hepatic tissue [44]. Pre-treatment with N-3 prior to
the administration of DF significantly prevented the potential deleter-
ious effects of DF on the hepatic tissue. Even though there was no
significant difference in the effect of graded doses of N-3 on ALT and
ALP activities, the low dose proved to have more hepatoprotective ef-
fect than the high dose. This was evident by the significant reductions
in AST activity and TB level in group 3 (low dose of N-3), relative to
group 4 (high dose of N-3).

Fig. 7. (A) Liver section of normal control group
showing normal central vein (black arrow) and he-
patocytes (red arrow) (H and E X40). (B) Liver sec-
tion of DF control group showing distorted central
vein (black arrow), significant infiltration with in-
flammatory cells (green arrow), normal and dead
hepatocytes (red and yellow arrows respectively),
and marked degeneration of the hepatic tissue (blue
arrow) (H and E X40). (C) Liver section of Low N-
3+DF group showing mild distortion of the central
vein (black arrow), mild infiltration with in-
flammatory cells (green arrows), some hepatocytes
(red arrow), and mild degeneration of the hepatic
tissue (blue arrow) (H and E X40). (D) Liver section
of High N-3+DF group. Relative to Fig. 7C, it shows
more distortion of the central vein (black arrow),
more infiltration with inflammatory cells (green
arrow), few hepatocytes, and marked degeneration
of the hepatic tissue (H and E X40).
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The histological results were parallel to the biochemical and hae-
matological findings. The integrity of the hepatic tissue was sig-
nificantly distorted by diclofenac sodium [44,45]. The low dose of N-3
showed a more hepatoprotective effect, evident by the less distortion of
the histoarchitecture of the liver tissue compared to the diclofenac
control and high dose N-3+DF groups. The study concluded that the
pre-administration of N-3, preferably at a low dose, could reduce he-
patotoxicity that could result from subsequent exposure to DF.
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