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Introduction
Paraquat (PQ) is a non-selective contact herbicide discovered in 

1955 and was registered as herbicide in 1962 by ICI laboratories [1]. 
Chemically paraquat is 1,11-dimethyl-4,41-bipyridinium dichloride 
[2]. It is a widely used and effective herbicide with a broad spectrum 
of activity. Paraquat has been reported to be highly toxic to humans 
and animals with many cases of acute poisoning and death [3,4]. It 
was described as a major suicide agent in many countries not only 
because it is highly acutely toxic but also because it is readily available, 
relatively cheap and no known antidote exist [5]. For instance, 
paraquat intoxication was reported in Korea [6], while fatality rates 
for intentional paraquat ingestion were reported to range from 58% in 
Fiji [7], nearly 80% in Southern Mexico [8]. Forensic analysis of fatal 
intentional poisoning in South Trinidad showed that in 105 deaths 
from poisoning in 1996-97, paraquat was the causative agent in 80 
cases (76%) [9]. Also, paraquat was banned in Samoa for being used 
as a suicide agent in about 70% of all suicide cases between 1999-2000 
[10]. However, Garnier et al. [11] reported that poisoning as a result of 
accidental ingestion was rear in Europe not only because of effective 
and improved training of the user but also due to addition of alerting 
and emetic agents to commercial products of paraquat [11].

C-reactive protein (CRP) was so named because of its capacity to
bind and precipitate the somatic C-polysaccharide of pneumococcus 
[12]. It is an exquisitely sensitive systemic marker of inflammation 
that results from infectious diseases, tissue damage, malignancy and 
various non-infectious ailments [13,14]. CRP is an acute phase protein 
produced primarily in the liver in response to stimulation by interleukin 
6 (IL-6) [15]. Some authors have reported an association between 
elevated serum CRP levels and cardiovascular diseases [13,16,17]. More 
so, cholesterol and triglycerides are fats normally found in the body and 

are important as intermediary substances for normal body function. 
High levels of cholesterol [18] and triglycerides [19] have been linked 
with cardiovascular diseases.

Previous advances in understanding CRP have led to discovery that 
elevated levels of CRP is a reliable predictor of cardiovascular events 
in several populations [20,21], and cholesterol and triglycerides are 
known atherogenic index while previous studies generally reported 
the acute toxic effects of the paraquat. Therefore, the present study 
was designed to evaluate the dose-dependent effects of paraquat on 
C-reactive protein, cholesterol, triglycerides and histology of organs of
biotransformation (i.e., kidney and liver).

Materials and methods
Chemicals

Paraquat dichloride was purchased from the Ogun-State 
Agricultural Development Programme (OGADEP), Abeokuta, Nigeria. 
C-reactive protein (CRP) kit was obtained from Cypress diagnostics
(UK), while cholesterol and triglycerides kits were the products of
Fortress diagnostics. All other chemicals were of analytical grade.
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Abstract
Paraquat is a highly toxic and widely used herbicide with no antidote. Its toxicity in man and animals has been 

reported to cause severe acute and long term health problems which eventually could lead to death. Measurement 
of blood C-Reactive Protein level (CRP) serves as a useful screen for infections and inflammatory diseases. Since it 
is known that paraquat exerts its toxic effects through generation of reactive oxygen species which causes injury to 
the cells thereby causing inflammation, this study was designed to determine the dose-dependent effects of paraquat 
on C-reactive protein, cholesterol, triglycerides and histology of liver and kidney in rats. Thirty albino rats weighing 
between 150 g and 200 g grouped into five groups of six rats in each were used. Rats in group A serves as control 
and were given feed and water only freely. Rats in group B, C, D and E were treated orally with 15 mg/kg (below sub-
lethal dose), 25 mg/kg (sub-lethal dose), 35 mg/kg (below lethal dose) and 45 mg/kg (below lethal dose) of paraquat 
dichloride respectively for a period of fourteen days. The blood plasma collected was analyzed for CRP (using an 
immune-turbidimetric assay method), cholesterol and triglycerides while liver and kidney excised from sacrificed rats 
were used for histopathological studies. The result obtained showed that the concentration of CRP (12.38 ± 0.09 mg/L), 
cholesterol (8.61 ± 0.49 mg/L) and triglycerides (189.47 ± 2.59 mg/L) in control group was significantly lower (p<0.05) 
than the other groups. The higher the concentration of paraquat administered, the higher its toxicity and the higher the 
levels of CRP, cholesterol and triglycerides. Histopathological findings revealed some pathologic conditions ranging 
from diffuse vacuolar degeneration of hepatocyte and glomerular mesangiolysis in the liver and kidney of paraquat-
treated group respectively. This present study therefore suggests that the induction of inflammation and oxidative 
damage by paraquat could be accompanied by elevated C-reactive protein, cholesterol and triglycerides in albino rats.
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Experimental animals

Thirty healthy male albino rats of wistar strain weighing between 
150 and 200 g were procured from the Animal House of the College 
of Veterinary Medicine, Federal University of Agriculture Abeokuta, 
Nigeria. These rats were treated in accordance with the internationally 
accepted principles for laboratory animal use and care. They were 
housed in standard cages, under clean environmental conditions (23 ± 
1°C, with 55 ± 5% humility and 12 h/12 h light/dark cycles), fed with 
rat chow and water ad libitum and allowed to acclimatize for seven days.

Experimental design and animal treatment

The animals were divided into five (5) groups of 6 animals per group. 
Group A served as control and were given distilled water corresponding 
to the highest amount of extract administered. Groups B, C, D and E 
were given graded levels of sub-lethal doses of paraquat i.e., 15, 25, 35 
and 45 mg/Kg body weights respectively for fourteen days. All animals 
were allowed free access to feed and water ad libitum. The rats were 
sacrificed at the end of the 15th day after overnight fast under diethyl 
ether anesthesia. Blood samples were collected via cardiac puncture into 
clean EDTA bottles. These were centrifuged at 4000 rpm for 10 minutes 
for plasma preparation for CRP, cholesterol and triglycerides assay. The 
animals were then dissected and livers and kidneys excised, mopped 
and preserved in Bouin fluid prior to histopathological examinations. 

Biochemical assays

C-reactive protein (CRP) determination: Plasma C-reactive 
protein concentration was determined using an immune-turbidimetric 
assay according to the method described by Hirshfield and Pepys using 
Cypress diagnostics reagent kits [13]. 

Cholesterol and Triglycerides determination: Cholesterol and 
triglyceride concentrations were determined according to the methods 
of Jaffe [22] and Allain et al. [23] respectively using Fortress diagnostics 
kits.

Histopathological studies: The livers and kidneys harvested 
from the sacrificed rats were fixed in Bouin fluid (5% picric acid+10% 
formalin+5% acetic acid) embedded in paraffin and then stained with 
hemotoxylin and eosin (HE). Preparations were evaluated with a light 
field microscope and were photographed (Olympus, CS21).

Statistical analysis: Values were expressed as Mean ± Standard 
Error of Mean. The level of homogeneity among the groups was tested 
using Analysis of Variance (ANOVA). Where heterogeneity occurred, 
the groups were separated using Duncan Multiple Range Test (DMRT). 
All analysis was done using Statistical Package for Social Science (SPSS) 
version 16.0.

Results
The results of the effects of paraquat on the plasma CRP, cholesterol 

and triglycerides levels in treated rats are presented in table 1. 

Values are expressed as mean ± SEM. Values along the same column 
with different superscripts are significantly different at p<0.05.

It was observed that in all the parameters determined, there was 
a difference between the control group (A) and other groups (B, C, D, 
and E). As the concentration of paraquat administered increase, the 
levels of these parameters also increases. The higher the concentration 
of paraquat administered, the higher the increase in the level of the 
parameters observed. The control group (group A) showed a normal 
mean value of 12.49 ± 0.23 mg/L for the plasma CRP, while the 

successive groups showed a significant increase in the levels of CRP 
with 18.82 ± 1.12 mg/L showing the highest level of CRP of value.

Also, cholesterol and triglyceride concentrations in the treated 
groups when compared to the control showed significant (p<0.05) 
increases in their levels with the highest values of 196.91 ± 1.69 mg/L 
and 19.35 ± 0.63 mg/L for triglyceride and cholesterol respectively as 
observed in group administered highest concentration of PQ. Although, 
there was no significant difference triglycerides levels between groups 
A and B and among groups C, D and E. 

The liver and kidney sections of group A, B, C, D and E were 
presented in plates 1a-1e and 2a-2e, respectively (figures 1a-1e), (figure 
2a-2e). Plate 1a-1e shows the results of histology of liver tissues for the 
different groups (A-E). Plates 2a-2e shows the results of histology of 
kidney tissues for the different groups of rats. 

Discussion
Paraquat (PQ) is highly toxic and enters the body mainly not only 

by swallowing or inhalation but also through damaged skin. The results 
from this study demonstrates that PQ treatment cause a significant 
increase in C-Reactive Protein (CRP), cholesterol and triglycerides 
levels as well as marked histological changes in liver and kidney as 
the dose of PQ increases down the group. This is similar to the report 
by Riahi et al. [24], which revealed that high dose of paraquat could 
suppress both cellular and humoral activity of the immune system 
while low dose did not show any changes in organ weight, body weight 
and spleen cellularity. Also, toxicity of paraquat evaluated by dermal 
application of 1/2 LD50 and 1/10 LD50 for five days each week for four 
weeks was reported to induce swelling of pneumocytes, thickening of 
interalveolar septa and infiltration with lymphocytes and macrophages 
[25].

The abnormal increase in the plasma CRP down the group with 
increased oral administration of PQ when compared to the control 
group is a sensitive indicator of hepatotoxicity or a diseased state. This 
may be due to degenerative changes and hypo-function of liver and 
kidneys as a result of consequent production of increased oxidative 
stress by PQ via generation of ROS. Paraquat induced toxicity is a 
manifestation of its ability to generate Reactive Oxygen Species (ROS). 
Bowels and Pond [26] revealed that PQ increase the production of 
certain oxygen derivatives that may harm cellular structure consequence 
of which could lead to increased oxidative stress, thus PQ toxicity can 
cause increased level of CRP. This indicates an inflammation caused 
by PQ toxicity. Pepys et al. [14] have demonstrated that CRP is an 
acute-phase protein and is an exquisitely sensitive systemic marker 
of inflammation and tissue damage. CRP may have significant pro-
inflammatory effects and bind to ligands exposed on cells as a result of 
infection, inflammation, ischemia and other pathologies and triggering 
complement activation. It may also exacerbate tissue damage, leading 
to more severe diseases [14]. The increase in CRP level is found to be 
related to increased triglycerides level which can be related to a study 

Group/parameter CRP (mg/L) Triglycerides 
(mg/L)

Cholesterol 
(mg/L)

Group A (Control) 12.38 ± 0.09a 189.47 ± 2.59a 8.61 ± 0.49a

Group B (15 mg/Kg b.wt PQ) 12.91 ± 0.14a,b 191.49 ± 1.49a 12.61 ± 0.75b

Group C (25 mg/Kg b.wt PQ) 14.81 ± 0.27b 194.28 ±1.03b 13.45 ± 0.97b

Group D ( 35 mg/Kg b.wt PQ) 14.32 ± 0.81c 196.14 ± 2.05b 15.43 ± 2.56c

Group E ( 45 mg/Kg b.wt PQ ) 18.82 ± 1.12b 196.91 ± 1.69b 19.35 ± 0.67d

Table 1: Effects of various doses of paraquat on plasma CRP, cholesterol and 
triglycerides of rats.
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that shows that CRP is associated with lipid responses to low-fat and 
high-poly unsaturated fat diets [27]. 

The study also revealed that increase in PQ concentration is closely 
followed by a concomitant increase in cholesterol and triglycerides. 
These biomarkers can be regarded as reliable indicators of the severity 
and prognosis of acute poisoning. A significant increase in cholesterol 
and triglycerides level observed indicated that PQ could predispose 
an animal to the risk of coronary heart disease. The high levels of 
triglycerides may be due to lack of production of very Low density 
Lipoproteins (VLDL). Rye and Beisiegel reported that when these 
lipoproteins are not produced, triglyceride is not transported and this 
results in accumulation of triglycerides in the tissues [28]. The high 
cholesterol level observed may be attributed to high oxygen radicals 
generated and is also in agreement with the report of Adachi et al that 
PQ administration in rats led to high level of cholesterol [29]. Lee et al. 
[30] and Kimura et al. [31] also reported increased serum cholesterol in 
PQ-induced oxidative stress condition,. 

The liver and kidney are considered to be the principal target organs 
for PQ. In vertebrates, the liver is a highly metabolically active organ 
with a high activity of antioxidants and associated enzymes, so that it 
is the main organ responsible for detoxification of xenobiotics [32]. 
The toxic effects of paraquat on liver histology showed centrolobular 
cholestatsis, hepatocellular necrosis and macrophagic infiltration of 
portal areas, with the portal tracts increased in size due to abundance of 
collagen stroma, slight infiltration by lymphocytes and leukocytes. This 
similar to the results of Bataller et al. [33]. These results clearly showed 
that PQ has a harmful and stressful influence on the hepatic and renal 
tissue and is quite consistent with the report of Dragain et al. in respect 
of paraquat liver toxicity [34].

Histological examination of the liver tissues in the control group 
(Group A) revealed a normal lobular structure with no visible lesion. 
However, dose-dependent changes were seen in the liver tissue samples 
from Group B to Group E. In the Group B (Below sub lethal), these 
changes were very mild and reversible. Similar changes were also seen 
in Group C (Sub lethal). In Group D (Below lethal) the changes seen 
compared with those in the Group B were aggressive and common: there 
was hepatocyte necrosis and marked vacuolar degeneration. Group E 
(Lethal) showed more aggressive changes: foci of bile duct proliferation, 
multiple foci of hepatic necrosis with evidence of regeneration such as 
cytomegaly which is similar to the findings of Gokcimen et al. which 
suggest that a high dose of paraquat causes cell damage, fibrous tissue 
proliferation, acute hepatitis and irreversible cell death [35].

The present results also showed that PQ induced many histological 
alterations in the kidney of rats. Examination of the kidney showed no 
visible lesion in the control group. The sub-lethal dose group showed 
a moderate tubular degeneration and cell death while the lethal dose 
group showed a severe glomerular disruption, tubular protein cast 
and kidney necrosis. This indicated that PQ caused damages to the 
kidney tissue but the severity increases as the concentration of PQ 
dose increases. Also, most of the renal blood vessels were more dilated, 
congested and engorged with blood with increasing PQ concentration 
establishing the dose-dependent toxicity. In the lethal dose group, 
most of the renal tubules were damaged and lost their characteristic 
appearance. Their lining epithelial cells became undistinguished and 
their contents were intermixed with each other (Plate 2e). The walls of 
Bowman’s capsule were eroded and the glomeruli were atrophied and in 
some sections appeared as empty spaces containing amorphous cellular 
debris (Plate 2e). These results are similar to those previously reported 
by some researchers. For instance, Abdel-Mageid reported that kidney 

Figure 1a: Plate 1a: Liver section of control group of rats showing no visible 
lesion. (×100).

Figure 1b: Plate 1b: Liver section of rats administered below sub-lethal dose 
(15 mg/Kg) of PQ showing moderate diffuse vacuolar degeneration of the hepa-
tocytes (×100).

Figure 1c: Plate 1c: Liver section of rats administered sub-lethal dose (25 mg/
Kg) of PQ showing moderate diffuse vacuolar degeneration of the hepatocytes. 
(×100)

Figure 1d: Plate 1d: Liver section of rats administered below lethal dose (35 mg/
Kg) of PQ showing marked vacuolar degeneration and necrosis (×100)

Figure 1e: Figure 1e: Plate 1e: Liver section of rats administered below lethal 
dose (45 mg/Kg) of PQ showing multiple foci of hepatic necrosis with evidence of 
regeneration such as cytomegaly and foci of bile duct proliferation (×100)
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of paraquat intoxicated rats revealed degeneration of renal tubules, 
shrunken glomeruli and congested dilated blood vessels [36]. Also, 
Damin et al. [37] emphasized that as a result of paraquat poisoning, 
renal damage occurs while the observed toxic effects of paraquat on 
liver histology as revealed by centrolobular cholestasis, hepatocellular 
necrosis and macrophagic infiltration of portal areas could be attributed 
to the fact that portal tracts increased in size due to abundance of 
collagen stroma, slight infiltration by lymphocytes and leukocytes as 
reported by Bataller et al. [33]. The results from this studies revealed 
that paraquat could elevate not only cholesterol and triglycerol but also 
C-reactive protein. Thus, confirming the fact that CRP levels increase 
during PQ-induced inflammatory conditions.
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