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INTRODUCTION
Atherosclerosis is characterized by the development of vascular 
lesions or plaques in blood vessels following an inflammatory/
oxidant response to endothelial damage (Verma S, et al., 2002; 
Libby P, et al., 2010). The first obvious alteration in this disorder 
is enhanced constriction and reduced dilatation of the vascular 
endothelium, as well as changes in the mediators of thrombosis. 
At all stages of atherosclerosis, macrophages are the principal cell 
type involved (Bjorkerud S and Bjorkerud B, 1996); these eventu-
ally become lipid-laden “foam cells" (Shashkin P, et al., 2005) by 
a regulated balance between the uptake of modified Low-Density 
Lipoprotein (LDL) and efflux of cholesterol and other lipids (Lin-
ton MF and Fazio S, 2003).
The inflammatory process has been implicated in the vulnerabil-
ity of the plaque to rupture. Circulating levels of several inflam-
matory markers have been found to rise in individuals at risk 
for atherosclerotic events. In particular, the elevation of plasma 
C-Reactive Protein (CRP), a non-specific acute-phase reactant 
that is easily and reliably measured, has strong predictive power 
for cardiovascular events (Pepys MB and Hirschfield GM, 2003; 
Black S, et al., 2004). CRP co-localizes with monocytes, mono-
cyte-derived macrophages, and lipoproteins in the vascular intima 
(Torzewski J, et al., 1998; Zwaka TP, et al., 2001); this localization 
makes a direct contribution to the atherosclerotic process. CRP 
production level is determined by hepatocytes with the influence 
of Interleukin (IL)-6, IL-1β, and Tumor Necrosis Factor-alpha 
(TNF-α) (Castell JV, et al., 1990). Cytokines activate the classic 
complement cascade followed by mediates then phagocytosis, by 
the way, it regulates inflammation. Ridker PM, et al., 1998 and 
Biasucci LM, et al., 1999 stated that CRP also has a predictive 
value in the chronic phase after myocardial infarction and act as 
a marker of inflammation also an active participant at all stages 
of atherogenesis (Pasceri V, et al., 2000; Pasceri V, et al., 2001; di 
Napoli M, et al., 2005; Verma S, et al., 2005; Colak E, et al., 2012).
Nitric oxide is a physiological messenger molecule involved in 
the pathophysiology of inflammatory disorders. In an animal sys-
tem, NO is produced with the support of Nitric Oxide Synthase 

(NOS), through the oxidation of L-arginine. Induced Nitric Ox-
ide Synthase (iNOS) is an isoform that mediates the inflammatory 
processes. Sam way non-proper regulations of iNOS cause athero-
sclerosis (Popa C, et al., 2007). There are some factors present in 
the atherosclerotic plaque-like TNF-α, IL-1β, IL-2, and γ-inter-
feron are inducing iNOS expression in vascular smooth muscle 
cells. Induced iNOS produces large quantities of NO, which may 
lead to cellular damage, inflammation, apoptosis, and peroxy-
nitrite (ONOO−) formation. Further activated iNOS is causing 
inflammation and oxidative stress (Nathan C, 1994). 
The transcription factor NF-κB is involved in the regulation of 
inflammation, apoptosis, and cell proliferation. A range of stimuli 
which are including Reactive Oxygen Species (ROS), mitogens, 
and bacteria act as activators of NF-κB (Brigelius-Flohé R, 2006; 
Gilmore TD, 2006). Activation of NF-κB can mediate the induc-
tion of more than 160 genes have a vital role in atherogenesis (Col-
lins T and Cybulsky MI, 2001). NF-κB is found in endothelial cells, 
smooth muscle cells, and macrophages of atherosclerotic plaques 
(Libby P, 2012). The IκB Kinase (IKK) complex is inducing NF-
κB activation. Upon stimulation, the IKK complex phosphoryl-
ates IκB, inducing its ubiquitination and subsequent degradation. 
NF-κB is then free to translocate to the nucleus, where it facilitates 
the transcription of many genes, including proinflammatory cyto-
kines, chemokines, and antiapoptotic factors (Karin M and Ben-
Neriah Y, 2000). These findings suggest that there is a link between 
antioxidant and anti-inflammatory responses in the regulation of 
cell proliferation. Hence, various drugs with antioxidative prop-
erties are used to treat human inflammatory diseases, including 
atherosclerosis and diabetes mellitus by designed to inhibit NF-κB 
activation (Tak PP and Firestein GS, 2001). 

-

flavoring agent in food products and cosmetics. Eugenol is known 
to possess antioxidant and anti-inflammatory activities (Fujisawa 
S, et al., 2000; Li W, et al., 2006); it has been reported to restore 
tissue glutathione levels (Kumaravelu P, et al., 1996) in an animal 
study and to reduce the severity of hepatic injury caused by iron 

ABSTRACT
The putative anti-atherogenic, anti-oxidative, and an-
ti-inflammatory potential of atherogenic diet-fed, eu-
genol-treated Wistar rats were studied. The levels of 
hematological parameters (Erythrocyte Sedimentation 
Rate (ESR), White Blood Cell (WBC), and platelet count), 
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overload (Gruenwald J, et al., 2004). Ou HC, et al., 2006 opined that eu-
genol can prevent functional disorders of endothelial cells (resulting from 
oxidized-LDL) by increasing antioxidant activity to inhibit the generation 
of active oxygen species. Eugenol has been found to prevent reduced anti-
oxidant activities in Wistar rats fed an atherogenic diet (Venkadeswaran K, 
et al., 2016). Hence, in the present chapter, experiments are described that 
sought to evaluate the role of inflammatory markers in an experimental 
animal model of (chronic) atherosclerosis, where diseased animals were 
treated with saline or eugenol. The Erythrocyte Sedimentation Rate (ESR), 
White Blood Cell (WBC), and platelet counts and percentages of differ-
ent leukocytes in whole blood samples, as well as hepatic tissue levels of 
mRNA transcripts of genes encoding known inflammatory markers, such 
as CRP, iNOS, NF-kB, TNF-α, and IL-1β and hepatic tissue concentrations 
of inflammatory marker proteins (CRP, iNOS, NF-κB, and IκB), were de-
termined. In addition, serum levels of CRP and hepatic tissue concentra-
tions of NO were measured in the experimental animals.

MATERIALS AND METHODS
Experimental design 
Animals were maintained as per national guidelines and protocols ap-
proved by the Institutional Animal Ethical Committee (BDU/ IAEC/2014/
OE/07/Dt.18.03.2014). Male albino rats of the Wistar strain weighed in the 
range of 150-200 g were used in this study. These animals were housed 
in clean polypropylene cages under controlled temperature room temper-
ature with equal light and dark cycle; during the growing period, rats were 
free to access water and food. The experimental animals were fed twice 
a day with commercial feed obtained from Sai Durga Feeds and Foods 
P. Ltd., Bengaluru, India. Male albino Wistar rats were divided into three 
main groups, each group comprising five rats. Group I animals was fed 
with normal feed, Group II animals were fed with an atherogenic diet was 
prepared by mixing equal quantities of a commercial feed with an athero-
genic diet containing 5% cholesterol, 20% sucrose, 20% hydrogenated 
vegetable oil, 2% sodium cholate, 20% lactose, 0.4% choline chloride and 
0.15% thiouracil. This prepared feed was fed for the first 30 days and then 
fed with a normal diet. Group III animal was fed with an atherogenic diet 
for 30 days afterward fed with normal diet and 31st day onwards orally 
fed eugenol (Sigma Chemical) dissolved in 0.5% peanut oil (5 mg/kg body 
weight/day) daily for 15 days.

Atherosclerosis analysis
At the end of the experimental period, all the animals were sacrificed by 
cervical dislocation. Immediately post-mortem, blood samples were col-
lected from each animal and 1.5 ml of blood were added to 0.5 ml of 10% 
Ethylene diamine tetraacetic acid (EDTA) solution, mixed well, and then 
used to measure hematological parameters. The remaining volume of 
blood was allowed to clot and serum was separated from this for analysis 
of other markers of inflammation. The hepatic tissues were excised and 
stored at -80°C until analysis.

Measurement of hematological parameters and serum CRP levels
The ESR was measured by using the Westergren method (Gilmour D and 
Sykes AJ, 1951). Total WBC and platelet counts were performed on the 

EDTA blended blood samples using an automated blood cell counter. 
Smears were also made from the blood samples, stained appropriately 
and differential WBC percentages were determined by desert microscopic 
examination. CRP in each serum sample was determined by an immu-
no-turbidimetric method using a standard assay kit (C-Reactive Protein 
test kit, Diasys Diagnostics, Holzheim, Germany). All the generated data 
were statistically analyzed using SPSS software (Version 16.0).
Preparation of hepatic tissue samples for analysis
Hepatic tissue (100 mg/ml buffer) was homogenized with 50 mM phos-
phate buffer (pH 7.0); the homogenate was then centrifuged at 12,000 × 
g for 15 mins and the supernatant was thus obtained was used for further 
analysis. The protein concentration of each fraction was determined by the 
Bradford method (Bradford MM, 1976), using crystalline bovine serum 
albumin (heat shock fraction, ≥ 98% purity, units=40 mg/mL H2O [Sig-
ma Chemical]) as a standard. The absorbance was read at 595 nm using a 
UV-visible spectrophotometer. 

Reverse transcription of CRP, iNOS, NF-kB, TNF-α, and IL-1β mR-
NAs 
RNA extraction: Total RNA was extracted from the freshly isolated hep-
atic tissue of the experimental rats using TRIzol reagent (Sigma-Aldrich). 
Briefly, the fresh hepatic tissue (100 mg/ml) was homogenized in TRIzol 
reagent and the homogenate was transferred immediately to a microcen-
trifuge tube and kept at 4°C for 5 min to permit the complete dissociation 
of nucleoprotein complexes. Then, 0.2 ml chloroform was added to the 
homogenate, followed by vigorous vortexing for 15 sec and incubation at 
4°C for 10 min. After incubation, the mixture was centrifuged at 12,000 × 
g for 15 min at 4°C. The upper aqueous phase (600 µl) was carefully trans-
ferred to a fresh microcentrifuge tube and an equal volume of isopropanol 
(100%) was added, followed by thorough vortexing; the solution was then 

at 12,000 × g for 10 min; the supernatant was removed and the pellet was 
washed twice with 75% ethanol by vortexing and subsequently centrifuged 
at 7,500 × g for 5 min (4°C). After centrifugation, the ethanol was removed 
carefully and the pelleted RNA was allowed to dry for 10 min. The pelleted 
RNA was resuspended in 50 μl of RNase-free water; the concentration and 
purity of total RNA were determined by absorbance at 260/280 nm in a 
UV-spectrophotometer and the integrity of the total RNA was checked via 
agarose gel electrophoresis by assessing 18S and 28S band intensities. 
Reverse Transcription-Polymerase Chain Reaction (RT-PCR): RT-PCR 
was performed using a one-step RT-PCR kit (Qiagen, Hilden, Germany) 
with gene-specific primers (Eurofins, Bengaluru, India) for CRP, iNOS, 
NF-κΒ, TNF-α, IL-1β, and β-actin (Table 1). The molecular size of the 
amplified products (CRP, iNOS, NF-κΒ, TNF-α, IL-1β, and β-actin) were 
determined by comparison with molecular weight markers (100 bp DNA 
ladder, Genei, Bengaluru, India) run in parallel with the RT-PCR products. 
The ethidium bromide-stained gel was subjected to densitometric scan-
ning and the band intensity of the complementary DNA (cDNA) fragment 
of the genes was normalized against the band intensity of the cDNA frag-
ment of the internal control (β-actin) gene, using Quantity One Software 
(Bio-Rad, Hercules, CA, USA). 

Table 1: Primer sequences and expected product sizes of the genes amplified in hepatic tissue samples from Wistar rats

Gene studied Primer Primer sequence Amplicon size (bp)
CRP Forward 5’-AGC CTC TCT CAT GCT TTT GG-3’ 280

Reverse 5’-TGT CTC TTG GTG GCA TACGA-3’
iNOS Forward 5’-CCA ACC TGC AGG TCT TCG ATG-3’ 258

Reverse 5’-GTC GAT GCA CAA CTG GGT GAA-3’
IL-1β Forward 5’-GCC TCG TGC TGT CTG ACC CA-3’ 191

Reverse 5’-CAG GGT GGG TGT GCC GTC TT-3’

incubated at  for 10 min. Next, the incubated mixture was centrifuged 4°C
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Immunoblot analysis 
Immunoblot analyses were performed to determine the relative concen-
trations of CRP, iNOS, NF-κB, and IκB in samples from the various groups 
of rats. Proteins subjected to Sodium Dodecyl Sulphate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) were electrophoretically transferred to 
a Polyvinylidene Fluoride (PVDF) membrane using a semi-dry blotting 
apparatus (Bio-Rad, Hercules, CA, USA). Blotting was done at 24 V for 
1 h. Blotted membranes were stained by Ponceau S solution to check for 
the efficiency of transfer; subsequently, blocking was done with 5% non-
fat dry milk in Tris-buffered saline (pH 7.5) with 0.1% (v/v) Tween 20 for 
2 h. Antibodies against CRP (1:400 dilution) and iNOS (1:1000 dilution) 
[Sigma Chemical], as well as antibodies to NF-κB (1:200 dilution) and 
IκB(1:400 dilution) [Santa Cruz Biotechnology, USA], were used. Immu-
no-reactivity was visualized with alkaline phosphatase-conjugated to an-
ti-mouse IgG secondary antibodies and 5-Bromo 4-chloro 3-indolyl phos-
phate/nitroblue tetrazolium chloride (Genei, Bengaluru, India). To detect 
even minimal differences in the intensity of the bands, densitometry was 
performed on scanned images of the membrane; Quantity One software 
(Bio-Rad, USA) was used to analyze the scanned images.

Measurement of nitric oxide levels in hepatic tissue
NO levels were indirectly determined by measuring nitrite levels using a 
colorimetric method based on the Griess reaction (Green LC, et al., 1982). 
In brief, 500 μl of test sample/standard were mixed with 500 μl of freshly 
prepared Griess reagent (detects the presence of nitrite ion in a solution). 
The mixtures were kept in the dark for 10 min at room temperature. The 
optical density was measured at 540 nm in a spectrophotometer in com-
parison with a standard curve of known concentrations of sodium nitrite. 
The results obtained were expressed as μm/gm wet tissue. All quantitative 
data were statistically analyzed using SPSS software (Version 16.0).

RESULTS
Haematological parameters in blood samples
Mean ESR values and mean total WBC and platelet counts: The mean 
ESR, platelet count, and total WBC count values in EDTA blended blood 
samples from atherogenic diet-fed (Group II) rats were found to be sig-
nificantly (P<0.05) higher than those in control (Group I) rats; the mean 
values of these three parameters were significantly (P<0.05) lower in rats 
fed the atherogenic diet followed by eugenol treatment (group III) than 
those rats were fed the atherogenic diet followed by saline oral treatment 
(group II) (Figure 1). 
Differential leucocyte profile: The mean count percentages of neutrophils 
and monocytes were found to be significantly (P<0.05) higher in blood 
samples from Group II rats than those in Group I rats, whereas the count 
values of neutrophils and monocytes in Group III rat samples were signifi-
cantly (P<0.05) lower than those noted in Group II rat samples. A signifi-
cantly (P<0.05) lower mean lymphocyte percentage was noted in blood 
samples from Group II rats than that noted in Group I rats. However, the 
mean lymphocyte percentage in samples from Group III rats was signifi-
cantly (P<0.05) higher than that in samples from Group II rats (Figure 1). 
No significant differences were noted in the mean eosinophil percentages 
in blood samples from all three groups of rats; basophils were not detected 
in blood samples from any of the groups (Table 2).

CRP levels in serum samples 
The mean level of CRP in serum samples from Group II rats was signifi-
cantly (P<0.05) higher than that in serum samples from Group I rats, how-
ever, the mean serum level of CRP was significantly (P<0.05) lower in sam-
ples from Group III rats than that noted in Group II rat samples (Table 3).
mRNA transcript levels of CRP, iNOS, NF-kB, TNF-α, and IL-1β genes in 
hepatic tissue of Wistar rats

Figure 1: Differential expression of the gene encoding C-Reactive Protein in hepatic tissue samples from Wistar rats. a: Reverse Transcription-Poly-
merase Chain Reaction (RT-PCR) analysis of C-Reactive Protein (CRP) gene expression in hepatic tissue samples visualized on an ethidium bro-
mide-stained agarose gel with internal control gene β-actin. b: The mean hepatic tissue values (measured in triplicate) of mRNA transcript levels 
of CRP normalized to levels of control gene β-actin. Group I-control rats Group II-atherogenic diet-fed, saline-treated rats; Group III-atherogenic 
diet-fed, eugenol-treated rats. aStatistically significant difference (P<0.05) when compared with Group I values. bStatistically significant difference 
(P<0.05) when compared with Group II values

NF-κB Forward 5′-ACT CGC CAC CCG GCT TCA GAA TGG CAG -3′ 151
Reverse 5′-AGG TAT GGG CCA TCT GCT GTT GGC AGT GC-3′

TNF α Forward 5’-GGG GGC CAC CAC GCT CTT CT-3’ 336
Reverse 5’-AGG AGC ACG TAG TCG GGG CA-3’

β-actin (Served 
as an “house-

keeping” gene)
Forward 5’-ATC GCT GAC AGG ATG CAG AAG-3’ 108

Abbreviations: CRP: C-Reactive Protein; iNOS: inducible Nitric Oxide Synthase; IL -1β: Interleukin-1 beta; NF-κB: Nuclear Factor-kappa B; TNFα: 
Tumor Necrosis Factor-α
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The mean mRNA transcript level of CRP in hepatic tissues of Group II 
(atherogenic diet-fed followed by saline treatment) rats was found to be 
significantly (P<0.05) higher than that in Group I (normal diet followed 
by saline treatment) rat hepatic tissue; however, the mean level of mRNA 
transcripts of CRP in samples from Group III (atherogenic diet-fed fol-
lowed by eugenol treatment) rats was found to be significantly (P<0.05) 
lower than that in the hepatic tissue samples from Group II rats (Figures 2a 
and 2b). When the mean mRNA transcript levels of iNOS, NF-κΒ, TNF-α 
and IL-1β in hepatic tissues were compared between groups (Figures 3-6), 
the mean levels in Group II rats were found to be significantly (P<0.05) 
higher than those in Group I (normal) rats. However, the mean levels of 
mRNA transcripts of iNOS, NF-κΒ, TNF-α and IL-1β genes in hepatic 
tissue samples from atherogenic diet-fed followed by eugenol treatment 
(Group III) rats were significantly (P<0.05) lower than those Group II rats 
hepatic tissue samples and approached the mean levels noted in hepatic 
tissue samples from control rats (Figures 3-6).

CRP, iNOS, NF-κB and IκB level in hepatic tissue 
The mean intensities of the Western Blot bands corresponding to the 
proteins, CRP, iNOS, NF-κB, and IκB, were significantly (P<0.05) higher 
in hepatic tissue samples from Group II rats than those in hepatic tissue 
samples from normal control (Group I) rats and were also significantly 
(P<0.05) higher in hepatic tissue samples from Group III rats (Figure 6). 

NO level in hepatic tissue samples 
The mean level of NO in hepatic tissue samples from atherogenic diet-fed 
followed by saline treatment rats was significantly (P<0.05) higher than 
those in samples from control (Group I) rats. The mean NO level in hep-
atic tissue samples from atherogenic diet-fed, eugenol-treated (Group III) 
rats was significantly (P<0.05) lower than that in the samples from athero-
genic diet-fed, saline-treated (Group II) rats, but still significantly (P<0.05) 
higher than that noted in hepatic tissue samples from normal control 
(Group I) rats (Table 4).

Table 2: Differential leucocyte percentages in blood samples from Wistar rats

Parameters tested* (unit) Group I (control rats) Group II (atherogenic diet-fed, 
saline-treated rats)

Group III (atherogenic diet-fed, 
eugenol-treated rats) 

Neutrophil (% of total WBCs) 4.36 ± 0.15 6.71 ± 0.23
Lymphocyte (% of total WBCs) 62.6 ± 13.84 83.4 ± 8.95 95.0 ± 9.05
Monocytes (% of total WBCs) 2.26 ± 0.57 4.58 ± 0.29 3.75 ± 0.69

Note: *Eosinophils accounted for only 1% of total leucocytes in each group while basophils were not detected in samples from any of the groups; **Val-
ues represent the mean ± SD of observations made on six rats in each group. Statistical analysis: One-way analysis of variance [ANOVA] with post hoc 
testing [least significant difference]; aStatistically significant difference (P<0.05) when compared with Group I values; bStatistically significant difference 
(P<0.05) when compared with Group II values. WBCs: White Blood Cells

Table 3: Mean levels of C-Reactive Protein (CRP) in serum samples from Wistar rats 

Parameters tested Group I (control rats) Group II (atherogenic diet-fed, 
saline-treated rats)

Group III (atherogenic diet-fed, 
eugenol-treated rats) 

C-Reactive Protein 15.44 ± 0.70 19.07 ± 1.26 13.27 ± 0.19
Note: Values represent the mean ± SD of observations made on six rats in each group with units- mh/l. Statistical analysis: One-way analysis of vari-
ance [ANOVA] with post hoc testing [least significant difference]; aStatistically significant difference (P<0.05) when compared with Group I values; 
bStatistically significant difference (P<0.05) when compared with Group II values.

Figure 2: Differential expression of the gene encoding nitric oxide synthase in hepatic tissue samples from Wistar rats. a: Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR) analysis of inducible Nitric Oxide Synthase (iNOS) gene expression in hepatic tissue samples visual-
ized on an ethidium bromide-stained agarose gel with internal control gene β-actin. b: The mean hepatic tissue values (measured in triplicate) 
of mRNA transcript levels of iNOS normalized to levels of control gene β-actin; L1-100 bp DNA ladder; L2-control rats; L3-atherogenic diet-fed, 
saline-treated rats; L4-atherogenic diet-fed, eugenol-treated rats.  Group I-control rats; Group II-atherogenic diet-fed, saline-treated rats; Group 
III-atherogenic diet-fed, eugenol-treated rats. aStatistically significant difference (P<0.05) when compared with Group I values. bStatistically sig-
nificant difference (P<0.05) when compared with Group II values.

8.02 ± 0.02a 

a 

a 
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Figure 5: Differential expression of the gene encoding Interleukin-1β in hepatic tissue samples from Wistar rats. a: Reverse Transcription-Poly-
merase Chain Reaction (RT-PCR) analysis of Interleukin-1β (IL-1β) gene expression in hepatic tissue samples visualized on an ethidium bro-
mide-stained agarose gel with internal control gene β-actin. b: Mean hepatic tissue values (measured in triplicate) of mRNA transcript levels of 
IL-1β normalized to those of β-actin. L1-100 bp DNA ladder; L2-control rats; L3-atherogenic diet-fed, saline-treated rats; L4-atherogenic diet-fed, 

rats. aStatistically significant difference (P<0.05) when compared with Group I values. bStatistically significant difference (P<0.05) when compared 
with Group II values.

Figure 3: Differential expression of the gene encoding Nuclear Factor kappa B in hepatic tissue samples from Wistar rats. a: Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR) analysis of Nuclear Factor-κB (NF-κB) gene expression in hepatic tissue samples visualized on an 
ethidium bromide-stained agarose gel with internal control gene β-actin. b: The mean hepatic tissue values (measured in triplicate) of mRNA 
transcript levels of NF-κB normalized to levels of control gene β-actin; L1-100 bp DNA ladder; L2-control rats; L3-atherogenic diet-fed, sa-
line-treated rats; L4- atherogenic diet-fed, eugenol-treated rats. Group I-control rats; Group II-atherogenic diet-fed, saline-treated rats; Group 
III-atherogenic diet-fed, eugenol-treated rats. aStatistically significant difference (P<0.05) when compared with Group I values. bStatistically sig-
nificant difference (P<0.05) when compared with Group II values.

Figure 4: Differential expression of the gene encoding Tumor Necrosis Factor alpha in hepatic tissue samples from Wistar rats. a: Reverse Tran-
scription-Polymerase Chain Reaction (RT-PCR) analysis of Tumor Necrosis Factor-α (TNF-α) gene expression in hepatic tissue samples visualized 
on an ethidium bromide-stained agarose gel along with internal control gene β-actin. b: Mean hepatic tissue values (measured in triplicate) of 
mRNA transcript level of TNF-α normalized to those of β-actin; L1-100 bp DNA ladder; L2-control rats; L3-atherogenic diet-fed, saline-treated 
rats; L4 -atherogenic diet-fed, eugenol-treated rats. Group I-control rats; Group II-atherogenic diet-fed, saline-treated rats; Group III-atherogenic 
diet-fed, eugnol-treated rats. aStatistically significant difference (P<0.05) when compared with Group I values. bStatistically significant difference 
(P<0.05) when compared with Group II values.

eugenol-treated rats. Group I-control rats; Group II-atherogenic diet-fed, saline-treated rats; Group III- atherogenic diet-fed, eugenol-treated 
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DISCUSSION
Despite the first description of inflammation in coronary atherosclerosis 
200 years back, it is only recently that there has been a wide acceptance 
of the role of inflammation in the pathogenesis of atherosclerosis and de-
stabilization of the coronary artery plaque (Mehta JL, et al., 2007; Silves-
tre-Roig C, et al., 2014). Inflammation in the vessel wall is now considered 
to play an essential role in the initiation, progression, and final steps of 
atherosclerosis, namely plaque destabilization and eventually plaque rup-
ture (Shrivastava AK, et al., 2015). In consideration of the important role 
that inflammatory processes play in atherosclerosis, much work has been 
focused on whether biomarkers of inflammation may help to improve risk 
stratification and identify patient groups who might benefit from particu-
lar treatment strategies (Shrivastava AK, et al., 2015). 

Hypercholesterolemia is a major risk factor for systemic atherosclerosis 
and subsequent cardiovascular disease (Prasad K and Kalra J, 1993). The 
indicators of systemic inflammation, such as ESR, platelet count, and total 
WBC count, are frequently used as markers that appear to be positively 
correlated with cardiovascular disease in humans (Thaulow E, et al., 1991; 
Huang ZS, et al. 2001). Erikssen G, et al., 2000 previously reported that 
the ESR may be a good indicator of coronary heart disease, mortality, 
and the risk of death from coronary heart disease in a clinical setting. The 
relationship between the ESR and the risk of coronary heart disease was 
also assessed in a cohort study by Andresdottir MB, et al., 2003. In the 
present study, the mean ESR and platelet and total WBC counts were all 
significantly higher in atherogenic diet-fed, saline-treated (Group II) rats 
than the mean values noted in control (Group I) rats (Figure 1). However, 

Figure 6: Mean levels of marker proteins of inflammation in hepatic tissue samples from Wistar rats. a: Mean levels of C-Reactive Protein (CRP), 
inducible Nitric Oxide Synthase (iNOS), Nuclear Factor-κB (NF-κB) and Inhibitory kinase proteins (IκB) in hepatic tissue samples from Wistar 
rats. b: Bar graphs of mean normalized densitometry readings. Values represent the mean ± SD of the band intensity (densitometric value) of each 

atherogenic diet-fed, saline-treated rats; Group III, atherogenic diet-fed eugenol-treated rats. aStatistically significant difference (P<0.05) when 
compared with Group I values. bStatistically significant difference (P<0.05) when compared with Group II values

Table 4: Mean levels of nitric oxide in hepatic tissue samples from Wistar rats 
Parameters tested Group I (control rats) Group II (atherogenic diet-fed, 

saline-treated rats)
Group III (atherogenic diet-fed, 

eugenol-treated rats) 
Nitric oxide 167.5 ± 18.49 387.3 ± 76.61a 236.3 ± 39.95b 

Note: Values represent the mean ± SD of observations made on six rats in each group with units- µmols/g tissue. Statistical analysis: One-way analy-
sis of variance [ANOVA] with post hoc testing [least significant difference]; aStatistically significant difference (P<0.05) when compared with Group I 
values; bStatistically significant difference (P<0.05) when compared with Group II values.

protein. Statistical analysis: One-way analysis of variance [ANOVA] with post hoc testing [least significant difference]. Group I, normal; Group II, 
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the mean ESR and platelet and total WBC counts were significantly lower 
in atherogenic diet-fed, eugenol-treated (Group III) rats, when compared 
to the values in atherogenic diet-fed, saline-treated rats (Group II). These 
findings appear to corroborate the current concept that atherosclerosis is 
an inflammatory disease (Ross R, 1999). In endothelial cells, the produc-
tion of prostacyclin is decreased by aspirin, but despite the vasodilatory 
and platelet inhibitory effects of prostacyclin, platelet inhibition remains 
the prevailing effect of aspirin in patients with coronary artery disease 
(Grove EL, 2012). 
Jia EZ, et al., 2005 reported that neutrophil, lymphocyte, and monocyte 
counts are predictive indicators of coronary artery disease. The independ-
ent association of neutrophil count with the angiographic characteristics 
of coronary atherosclerosis strongly suggests that granulocytosis may play 
a role in the development of coronary atherosclerosis (Jia EZ, et al., 2005). 
It is hypothesized that monocytes are recruited from the peripheral blood 
into the vessel wall after endothelial injury; the monocytes thus recruited 
differentiate into macrophages that phagocytose lipids and secrete metallo-
proteinase enzymes, such as elastase and collagenase, within the athero-
sclerotic lesion (Ross R, 1999; Libby P, 2001; Takahashi K, et al., 2002). 
In addition, neutrophils and mast cells, that secrete or induce degradative 
proteases, begin to accumulate in the plaque (Kaartinen M, et al., 1998; 
Laine P, et al., 1999; Naruko T, et al., 2002). In the present investigation, 
significantly higher mean percentages of neutrophils and monocytes and 
a lower mean percentage of lymphocytes were observed in blood samples 
from atherogenic diet-fed, saline-treated rats when compared to the values 
in blood samples from control rats (Table 2). However, atherogenic diet-
fed, eugenol-treated rats exhibited lower mean percentages of neutrophils 
and monocytes and a higher mean percentage of lymphocytes in blood 
samples, when compared to the values in blood samples from atherogenic 
diet-fed, saline-treated rats (Table 2). Interestingly, no statistically signifi-
cant difference was observed between the mean percentages of eosinophils 
in the blood samples from the three groups of rats. Although several stud-
ies have also reported similar findings in animal models of atherosclerosis 
(Getz GS and Reardon CA, 2012; Feig JE, 2014; Kapourchali FR, et al., 
2014; Nilsson J, 2005), Kawaguchi H, et al., 1996, reported that the eosin-
ophil count is virtually unrelated to coronary atherosclerosis in humans.
 CRP, a marker of metabolic disturbances that increase the risk for the 
development of cardiovascular disease (Ross R, 1999), is now considered 
to actively contribute to the progression of atherosclerosis. Genetic, meta-
bolic, and other factors stimulate the expression of CRP in the liver and, 
possibly, also in the arterial wall. CRP binds to lipoproteins and damaged 
cells in atherosclerotic plaques, inducing complement activation and thus 
promoting inflammation and disease progression. Serum levels of CRP 
are elevated in numerous disease states (Prasad K, 2003). Elevated serum 
levels of CRP is an independent predictor of increased risk of atheroscler-
osis (Libby P and Ridker PM, 2004), cardiovascular events (Black S, et al., 
2004), atherothrombosis (Pepys MB and Hirschfield GM, 2001) hyperten-
sion (Sesso HD, et al., 2003), and myocardial infarction (Ridker PM, et 
al., 2002), even after considering the influence of other cardiovascular risk 
factors such as age, smoking, obesity, diabetes, hypercholesterolemia, and 
hypertension. In the present study, the mean serum level of CRP was sig-
nificantly higher in atherogenic diet-fed, saline-treated rats than that noted 
in normal (control) rats (Table 3). Sun H, et al., 2005 reported that elevated 
levels of CRP have been noted in well-established animal models of athero-
sclerosis. Elevated mean levels of CRP were reported in an experimental 
model of atherosclerosis (Ramesh E, et al., 2010). Epidemiological studies 
have demonstrated a significant association between elevated serum/plas-
ma CRP concentration and the prevalence of atherosclerotic vascular dis-
ease, the risk of recurrent cardiovascular events among those with estab-
lished disease, or the incidence of first cardiovascular events among those 
at risk (Halim SA, et al., 2012). These findings indicate the need for further 
investigation of human CRP concentration in cardiovascular disease (Rid-

ker PM, et al., 1997; Ridker PM, et al., 1998; Ridker PM, et al., 2000) and 
acute coronary artery syndrome (Sivaraman SK, et al., 2004). Interestingly 
in the present study, the mean serum level of CRP was significantly lower 
in atherogenic diet-fed, eugenol-treated rats than that in atherogenic diet-
fed, saline-treated rats. In clinical studies, pravastatin (lipid-lowering drug) 
was found to reduce the plasma/serum levels of CRP in patients with dys-
lipidemia (Kent SM, et al., 2003), coronary artery disease (Nissen SE, et al., 
2005), stable ischemic heart disease (Takeda T, et al., 2003), hypercholes-
terolemia with prior myocardial infarction (Ridker PM, et al., 1999) and 
type 2 diabetes mellitus (Sommeijer DW, et al., 2004).
In the present study, the mean hepatic tissue mRNA transcript level of the 
gene encoding CRP, as well as the mean hepatic tissue concentration of 
the CRP protein itself, were found to be significantly higher in atherogen-
ic diet-fed, saline-treated (Group II) rats than the hepatic tissue values in 
control (normal, Group I) rats. However, in hepatic tissue samples from 
atherogenic diet-fed, eugenol-treated rats, the mean mRNA transcript level 
of the gene encoding CRP, and the mean concentration of the CRP protein 
itself, were significantly lower than the values in Group II rat hepatic tissue 
(Figures 2 and 6), approaching near-normal levels. These results suggest 
that treatment of atherogenic diet-fed rats with eugenol maintained ex-
pression of CRP at the transcriptional, as well as the translational, levels 
at near-normal intensity, thereby reducing the intensity of hypercholester-
olemia-mediated inflammation. 
Inflammation appears to play a central role in the occurrence of cardio-
vascular disease (Ridker PM, et al., 1998; Hak AE, et al., 1999; Lagrand 
WK, et al., 1999). Accordingly, several mediators of pro-inflammatory 
cytokines in endothelial cells, smooth muscle cells, monocytes, and cel-
lular adhesion molecules have been evaluated as potential indicators of 
the risk of a first acute atherothrombotic event, as well as the initiation 
of atherosclerosis (Blake GJ and Ridker PM, 2003). TNF-α is primarily 
produced by monocytes and macrophages. The possible involvement of 
TNF-α in the pathogenesis of atherosclerosis is suggested by its presence 
in human atherosclerotic plaques (Kleemann R, et al., 2008). The secretion 
of TNF-α can be stimulated by oxidized LDL via activation of Activator 
Protein-1(AP-1) (Jovinge S, et al., 1996). Secreted TNF-α promotes chol-
esterol uptake and foam cell formation through NF-kB activation (Lei L, et 
al., 2009). Thus, TNF-α initiates positive feedback, leads to increased LDL 
uptake and consequent activation of TNF-α release (Lei L, et al., 2009). In 
the present study, higher mean levels of mRNA transcripts of TNF-α were 
observed in hepatic tissue samples from atherogenic diet-fed, saline-treat-
ed rats than in those from normal rats (Figure 5). Interestingly, treatment 
of atherogenic diet-fed rats with eugenol (Group III) appeared to maintain 
mRNA transcript levels of TNF-α in hepatic tissue at near-normal levels 
(Figure 5). 
In the early stages of atherosclerosis, hypercholesterolemia-mediated oxi-
dative stress leads to the release of pro-inflammatory cytokines from in-
filtrating inflammatory cells (Evans JL, et al., 2002). NF-κB, an important 
transcriptional factor, plays a vital role in the development and progression 
of cardiovascular diseases, such as atherosclerosis and acute coronary syn-
dromes (Monaco C and Paleolog E, 2004). Among many transcriptional 
factors involved in oxidative stress-responsive intracellular signaling path-
ways, NF-κB is known to be rapidly induced and is exquisitely sensitive to 
cellular oxidative status in hypercholesterolemia-mediated oxidative stress, 
leading to the release of pro-inflammatory cytokines from infiltrating 
inflammatory cells (Barnes PJ and Karin M, 1997). Upon its activation and 
translocation to the nucleus, NF-κB undergoes serine phosphorylation at 
residue 276 in its p65 subunit and associates with surrounding chromatin 
components. Therefore, measurement of the phosphorylated p65 subunit 
of NF-κB is an effective tool for determining NF-κB activation (Okazaki T, 
et al., 2003). In the present study, the mean hepatic tissue mRNA transcript 
level of the gene encoding NF-kB, as well as the mean hepatic tissue con-
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centration of the NF-kB protein itself, were found to be significantly higher 
in atherogenic diet-fed, saline-treated rats than the hepatic tissue values in 
control (normal, Group I) rats. However, in hepatic tissue samples from 
atherogenic diet-fed, eugenol-treated rats, the mean mRNA transcript 
level of the gene encoding NF-kB, and the mean concentration of the NF-
kB protein itself, were significantly lower than the values in Group II rat 
hepatic tissue (Figures 4 and 6), and, approached near-normal levels. These 
findings suggest that oral administration of eugenol potentially inhibits the 
production of NF-κB-mediated pro-inflammatory cytokines, and thereby 
alleviates the systemic inflammatory response. These results are similar to 
those of Ewing MM, et al., 2011, in which mice fed with a cholesterol-rich 
diet were treated with annexin A5 (a phospholipid-binding protein), re-
sulting in reduced local vascular and systemic inflammation and vascular 
remodeling and improved vascular function, suggesting therapeutic po-
tential against atherosclerotic cardiovascular diseases.
IL-1β is a pro-inflammatory cytokine that has been implicated in pain, 
inflammation, and autoimmune conditions (Ren K and Torres R, 2009). 
IL-1β is released primarily by monocytes and macrophages as well as by 
non-immune cells, such as fibroblasts and endothelial cells, during cellular 
injury, infection, invasion, and inflammation (Zhang JM and An J, 2007). 
High levels of IL-1β are reported to be related to rupture-prone atheroscler-
otic lesions (Galea J, et al., 1996; Ozeren A, et al., 2003). IL-1β production 
can be stimulated by cholesterol crystals and modified LDL (Duewell P, et 
al., 2010; Rajamaki K, et al., 2010). Accordingly, the IL-1β level appears to 
be modified by cholesterol-lowering drugs, such as atorvastatin (Waehre T, 
et al., 2004; Ye P, et al., 2006 and Han L, et al., 2012). In the present study, 
higher mean levels of mRNA transcripts of IL-1β were observed in hepatic 
tissue samples from atherogenic diet-fed, saline-treated rats than in those 
from normal rats (Figure 6). Interestingly, treatment of atherogenic diet-
fed rats with eugenol (Group III) appeared to maintain the mean mRNA 
transcript level of IL-1β in hepatic tissue at near normal (Figure 6). 
The enzyme complex, IκB kinase, is an essential activator of the NF-κB-sig-
naling pathway which is involved in propagating the cellular response to 
inflammation (Häcker H and Karin M, 2006). The IκB kinase enzyme 
complex is part of the upstream NF-κB signal transduction cascade. IκB-α, 
a protein that inhibits kB, inactivates the NF-κB transcription factor by 
masking the nuclear localization signals of NF-κB proteins, therein keep-
ing them sequestered in an inactive state in the cytoplasm (Mercurio F, et 
al., 1997; Xu X, et al., 2012; Ibrahim NL, 2014). IκB specifically phosphory-
lates the inhibitory IκB-α protein (Karin, 1999). This phosphorylation re-
sults in the dissociation of IκB-α from NF-κB. NF-κB, which is now free, 
migrates into the nucleus and activates the expression of at least 150 genes, 
some of which are anti-apoptotic (Karin M, 1999). In addition, the prote-
asome inhibitors act by inhibiting the degradation of the inhibitor IκB-α, 
which occurs after IκB-α has been phosphorylated by the specific IκB-kin-
ase as a result of activation of the early signal transduction pathway leading 
to NF-κB activation (de Caterina R and Manes C, 2003). Similar studies 
have reported that IκB plays a key role in the expression of atherosclerosis 
by modulating macrophage functions involved in atherogenesis. These re-
sults suggest that inhibiting Nuclear Factor-κB activation in macrophages 
may represent a feasible approach to combat atherosclerosis (Park SH, et 
al., 2012). In the present study, the mean level of IκB protein in hepatic 
tissue was significantly higher in atherogenic diet-fed, saline-treated rats 
than that in the hepatic tissue of control rats (Figure 6). Interestingly, the 
mean hepatic tissue level of IκB protein was significantly lower in athero-
genic diet-fed, eugenol-treated rats than that in atherogenic diet-fed, sa-
line-treated rat hepatic tissue. 
Inducible Nitric Oxide Synthase (iNOS) is considered to be a mediator 
of increased oxidative stress and impaired vascular dysfunction (Gunnett 
CA, et al., 2003). It has been hypothesized that iNOS contributes to the 
progression of atherosclerosis (Kuhlencordt PJ, et al., 2001). In particular, 
a large quantum of locally-released NO has been linked to the generation 

of harmful oxidative products, such as peroxynitrite and hydroxyl radicals; 
these have been implicated in iNOS-mediated development of atheroscler-
osis, (Tanaka Y, et al., 1995; Wilcox JN, et al., 1997; Saha RN and Pahan K, 
2006). iNOS expression is activated by NF-kB, which leads to inflamma-
tion and oxidative stress (Nathan C, 1994). 
The involvement of NO in chronic localized inflammatory diseases has 
been demonstrated in several experimental animal models. The occur-
rence of NO-mediated destruction of both rodent and murine islets of 
Langerhans and effects on insulin secretion, provide strong evidence for 
the involvement of NO in human diabetes (Kroncke KD, et al., 1998). In 
addition, the presence of iNOS in atherosclerotic plaques also suggests a 
role for NO in atherosclerosis (Butt N, 1996). Similar studies have shown 
a vasculoprotective role of iNOS against inflammatory cytokine-induced 
proliferative changes of the coronary artery in a porcine model of coronary 
arteriosclerosis (Fukumoto Y, et al., 1997). 
In the present study, the mean hepatic tissue level of mRNA transcripts 
of the gene encoding iNOS as well as the mean hepatic tissue level of the 
iNOS protein itself was found to be significantly higher in the atherogen-
ic diet-fed, saline-treated rats than the mean levels in hepatic tissue of 
normal (control) rats (Figure 3). Elevated hepatic tissue iNOS, noted at 
transcriptional and translational levels appeared to occur concomitantly 
with increased mean hepatic tissue levels of NO in atherogenic diet-fed, 
saline-treated rats in the current study (Table 4). However, in atherogen-
ic diet-fed rats that had been treated with eugenol, such upregulation 
of mean hepatic tissue level of iNOS appears to have been prevented; 
moreover, the mean hepatic tissue NO level was not elevated. These ob-
servations in the current study suggest that eugenol treatment attenuated 
iNOS activation and subsequent production of NO, thereby preventing 
inflammation-mediated tissue damage and progression of atherosclerotic 
complications. Similarly, Wan X, et al., 2013 reported that berberine (an 
isoquinoline alkaloid used to treat diabetes) treatment blocked the pro-
duction of noxious mediators (iNOS) involved in the development of ath-
erosclerotic complications by attenuating the expression of iNOS at the 
transcript and translational levels with subsequent attenuated production 
of NO in hepatic tissue of rats. 

CONCLUSION
The regulatory effect of eugenol on the expression of CRP, iNOS, and other 
inflammatory markers in a chronic experimental model of atherosclerosis 
was assessed in the present study. The mean ESR, and mean platelet and 
total WBC counts in blood samples from atherogenic diet-fed followed 
by saline treatment rats were higher than the values in blood samples 
from control (normal rats) and blood samples from atherogenic diet-fed 
followed by eugenol treatment rats. The mean mRNA transcript levels of 
genes encoding the inflammatory markers, CRP, iNOS, IL-1ß, TNF-α, and 
NF-κB, in hepatic tissue samples were found to be significantly lower in 
the atherogenic diet-fed followed by eugenol treatment rats than those in 
the atherogenic diet-fed followed by saline treatment rats hepatic tissue; 
in addition, the mean hepatic tissue concentrations of the inflammatory 
marker proteins themselves (CRP, iNOS, NF-κB, IK-κB) were also lower in 
the atherogenic diet-fed followed by eugenol treatment rats than the mean 
hepatic tissue concentrations of this protein in atherogenic diet-fed fol-
lowed by saline treatment rats, as confirmed by Western blotting analysis. 
The observations made in the current set of experiments strongly suggest 
that eugenol possesses anti-inflammatory potential. These characteristics 
may play a vital role in eliciting a putative anti-atherogenic effect in Wistar 
rats fed an atherogenic diet.
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