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INTRODUCTION 
Pain is a major symptom of inflammatory disease. 

Inflammation is said to be a complex protective reaction 

in the vascularized connective tissue due to variety of 

endogenous and exogenous stimuli causing cell injury in 

the body and is characterized by the reaction of blood 

vessels, leading to accumulation of fluids and leukocytes 

in the extravascular tissue. This complex phenomenon 

involves endogenous chemical mediators such as 

histamine, bradykinin, 5-hydroxytryptamine, various 

chemotactic factors, leukotrienes and prostaglandins 

(Kumar V et al., 2004). Many NSAIDs like aspirin, 

phenylbutazone, indomethacin and corticosteroids are in 

clinical use to suppress pain and inflammation. But, all of 

these are not completely devoid of adverse effects. Hence 

the search for safer and better analgesic and anti

inflammatory agents other than NSAIDs continues. 
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The aim of this study is to evaluate the analgesic activity of atorvastatin in tail clip model of rat. 

Analgesic activity of atorvastatin 3mg/kg and 8mg/kg were assessed in in tail clip model of rat 

were compared with control and ibuprofen group. Results: In tail clip method of rats, Atorvastatin 8 mg/kg group 

showed significant analgesic activity as compared with control group on day 3 and 6. However, atorvastatin 3 mg/kg 

group did not show any analgesic effect. Analgesic activity of both group of atorvastatin showed improvement as the 
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Pain is a major symptom of inflammatory disease. 

Inflammation is said to be a complex protective reaction 

in the vascularized connective tissue due to variety of 

endogenous and exogenous stimuli causing cell injury in 

the body and is characterized by the reaction of blood 

of fluids and leukocytes 

in the extravascular tissue. This complex phenomenon 

involves endogenous chemical mediators such as 

hydroxytryptamine, various 

chemotactic factors, leukotrienes and prostaglandins 

any NSAIDs like aspirin, 

phenylbutazone, indomethacin and corticosteroids are in 

clinical use to suppress pain and inflammation. But, all of 

these are not completely devoid of adverse effects. Hence 

the search for safer and better analgesic and anti-

matory agents other than NSAIDs continues. 

However, drugs which are not structurally related to 

NSAIDs like penicillamine, allopurinol

clinical use to treat inflammatory and very painful 

conditions like rheumatoid arthritis, gout etc (Bur

al., 2006).
 
Some drugs unrelated to NSAIDs like HMG

CoA reductase inhibitors (statins) like atorvastatin, 

lovastatin and rosuvastatin (Schmidt GW, 2002; Tondon 

V et al., 2005) have been reported to posses anti

inflammatory activity in experimental

they are not routinely used in the treatment of 

inflammatory disorders. Moreover, clinical study on 

rheumatoid arthritis (McCarey DW 

reduction in pain by inhibiting inflammation. 

Paradoxically, statins like lovastatin

2002) and atorvastatin (Kiener PA 

reported to possess pro-inflammatory activity in 

studies. Statins are the class of drugs most widely used 

for the prevention of primary and secondary coronary 

heart disease (Corsini A et al., 1995). Highly selling and 

most commonly prescribed drug is atorvastatin (Youssef 

S et al., 2002). In view of the controversial reports 

regarding analgesic activity of statins, the present study 

was planned to explore analgesic activity of atorvastatin 

in male Wistar rats using their clinical equivalent doses in 

tail clip model. 

MATERIALS AND METHODS
 The animal experiments were carried out in 

accordance with the guidelines set by the “Committee for 

the Purpose of Control and Supervision on Experiments 
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on Animals” (CPCSEA). The study was approved by the 

Institutional Animal Ethics Committee. 

Animals 

  A total 30 male albino Wistar rats of age 6-8 weeks and 

weight 120-150 grams were used in rat model of tail clip 

method for evaluating analgesic activity. The animals 

were from the same stock and were acquired from 

Haffkine Biopharma Corporation Parel. Six rats were 

included per group. The rats were accommodated in 

polypropylene cages with grill on top. Food, water and 

bedding of clean paddy husk were provided. The rats 

were allowed one week period of acclimatization in 

animal laboratory at room temperature. Body weight of 

the rats was recorded on first day of initiation of study. 

Animals were fed on standard pellet diet. Water was 

provided in glass bottles with stainless steel sipper tubes. 

Food and water were given ad libitum. 

Drugs  

Atorvastatin powder (pure form) and ibuprofen powder 

(pure form) were obtained from Cipla pharmaceuticals. 

The suspension of atorvastatin and ibuprofen powders 

were made in distilled water by using 2% gum acacia.  

Tail clip method 

PROCEDURE 

 Rats (n=30) were used for Tail clip method described by 

Bianchi and Franceschini et al., (1954). The animals were 

initially screened by applying the Bull dog clamp of 

appropriate size to the root of the tail approximately 1 cm 

from the body to induce the pain. The reaction time of the 

animal in the form of biting the clip or the tail near the 

location of the clip was recorded. On DAY 0, rat artery 

clip was applied to the base of tail for 30 seconds. The 

time required for each rat to respond was noted. Those 

rats which respond within 30 second were selected (n=24) 

and divided into four groups containing 6 rats each. 

The rats received oral saline 2.5ml/kg(group 1), ibuprofen 

108mg/kg(group 2), atorvastatin 3mg/kg and atorvastatin 

8mg/kg(group 4) for 6 days daily On day 0, tail clip 

applied at 1hr, 2hr, and 4hr after administration of drugs 

and readings of reaction time were recorded. 

 On DAY 3, tail clip applied 2hr after drug administration 

and readings of reaction time were taken. Same procedure 

repeated on day 6. 

Parameters analyzed for evaluation of analgesic activity 

were 

1) Comparison of reaction time at various time intervals 

within the groups on day 0. 

2) Comparison of reaction time at various time intervals 

between groups on day 0. 

3) Comparison of reaction time in between groups at 2 

hr on day 3 and 6. 

4) Comparison of Reaction time at baseline, day 3 and 

day 6 within the groups. 

Statistical Analysis 
The difference of reaction time within the group was 

estimated using Repeated Measures ANOVA followed by 

Dunnett test and between different groups was estimated 

using One Way ANOVA followed by Tukey multiple 

comparison test. p value less than 0.05 was considered as 

significant.  
 

RESULTS  
Table 1: Comparison of reaction time at baseline, 1 hr, 2 hr and 4 hr within the group on day 0 

Study groups 
Reaction Time (mean ±SEM) in seconds 

baseline 1 hr 2 hr 4 hr 

Control 6.66 ±0.49 7 ± 0.37 7.16 ± 0.31 7.17± 0.47 

Ibuprofen 6.83± 0.48 15 ± 0.58*** 12 ± 0.68*** 10 ± 0.52*** 

Atorvastatin 3mg/kg 6.16 ± 0.48 6.67 ± 0.56 6.67 ± 0.49 6.33 ± 0.6 

Atorvastatin 8mg/kg 6.66 ± 0.49 7.5 ± 0.62 7.5 ± 0.43 7.5 ± 0.21 

          *** p<0.001 

From table 1, it is seen that Atorvastatin 3 mg/kg and 8 mg/kg groups have not shown any significant difference in 

reaction time at any point of time interval from baseline. Only Ibuprofen group has shown significant difference from 

baseline at various time intervals. Results were analysed by using repeated measure ANOVA followed by Dunnett test. 
 

Table 2: Comparison of Reaction time between groups at 1 hr, 2 hr and 4 hr on day 0 

Time 

(hr) 
Control Ibuprofen 

Atorvastatin 

3mg/kg 

Atorvastatin 

8 mg/kg 

1 hr 7 ± 0.37 15 ± 0.58 6.67 ± 0.56 7.5 ± 0.62 

p value 
 control Vs Ibuprofen <0.001 Control Vs Atorvastatin 3mg >0.05 control Vs Atorvastatin 8mg >0.05 

  Ibuprofen Vs Atorvastatin 3 mg <0.001 Ibuprofen Vs Atorvastatin 8mg <0.001 

2 hr 7.16± 0.31 12 ± 0.68 6.67 ± 0.49 7.5 ± 0.43 

p value 
 control Vs Ibuprofen <0.001 control Vs Atorvastatin 3 mg >0.05 control Vs Atorvastatin 8mg >0.05 

  Ibuprofen Vs Atorvastatin 3 mg <0.001 Ibuprofen Vs Atorvastatin 8mg <0.001 

4 hr 7.17± 0.47 10 ± 0.52 6.33 ± 0.6 7.5± 0.21 

p value 
 control Vs Ibuprofen <0.01 control Vs Atorvastatin 3 mg >0.05 control Vs Atorvastatin 8mg >0.05 

  Ibuprofen Vs Atorvastatin 3 mg <0.01 Ibuprofen Vs Atorvastatin 8mg <0.01 
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Reaction time( mean± SEM) in seconds 

From table 2, it is seen that Atorvastatin 3mg/kg and 8mg/kg groups have not shown any significant difference with 

control group at any point of time (p>0.05). Ibuprofen group has shown significant difference with other groups. The test 

applied here was One way ANOVA followed by Tukey multiple comparison test. 
 

Table 3: Comparison of Reaction time between groups on day 3 

 Control Ibuprofen 
Atorvastatin 

3 mg/kg 

Atorvastatin 

8 mg/kg 

Reaction time at 2 hr 6.66 ± 0.49 17.17± 0.54 8.33 ± 0.61 9 ± 0.45 

p value 

 control Vs Ibuprofen <0.001 
control Vs Atorvastatin 3 mg 

>0.05 

control Vs Atorvastatin 8 

mg <0.05 

  
Ibuprofen Vs Atorvastatin 3 mg 

<0.001 

Ibuprofen Vs 

Atorvastatin 8 mg <0.001 

Values expressed as mean ± SEM (seconds) 
From table 3, it is seen that Atorvastatin 8 mg/kg group has shown significant difference with control group. The test 

applied was one way ANOVA followed by Tukey multiple comparison test. 
 

Table 4: Comparison of Reaction time between groups on day 6 

 control Ibuprofen 
Atorvastatin 

3 mg/kg 

Atorvastatin 

8 mg/kg 

Reaction time 

at 2 hr 
7.17 ± 0.31 20.33 ± 0.88 9.33 ± 0.61 11 ± 0.52 

p value 

 control Vs Ibuprofen <0.001 control Vs Atorvastatin 3 mg >0.05 
control Vs Atorvastatin 8 

mg <0.01 

  
Ibuprofen Vs Atorvastatin 3 mg<0.001 

 

Ibuprofen Vs Atorvastatin 

8 mg <0.001 

 

Values expressed as mean ± SEM (seconds) 
 Atorvastatin 8 mg/kg group has shown significant difference with control group. Ibuprofen group showed significant 

difference with all other groups. The test applied was one way ANOVA followed by Tukey multiple comparison test. 
 

Table 5: Comparison of Reaction time at baseline, day 3 and day 6 within the groups 

Study groups 
Reaction time (mean ± SEM) in seconds 

baseline day 3 day 6 

Control 6.66 ± 0.49 6.66± 0.49 7.17 ± 0.31 

Ibuprofen 6.83 0.48 17.17 ± 0.54** 20.33 ± 0.88** 

Atorvastatin 3mg/kg 6.16 ± 0.48 8.33 ± 0.61** 9.33 ± 0.61** 

Atorvastatin 8mg/kg 6.66 ± 0.49 9 ± 0.45** 11 ± 0.52** 

  ** p < 0.01 

Ibuprofen group showed significant difference in reaction time from baseline on day 3 and 6. Atorvastatin 3 mg/kg and 8 

mg/kg groups also showed significant difference in reaction time from baseline on day 3 and 6. (table 5 and fig.1). 

Results were analysed by using repeated measure ANOVA followed by Dunnett test. 
  

 
Figure 1: Graph showing Comparison of Reaction time at baseline, day 3 and day 6 within the groups 
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DISCUSSION  
We investigated the analgesic effect of 

atorvastatin in rats by tail clip method. In the present 

study, on day 0, Atorvastatin 3 mg/kg and 8 mg/kg 

groups did not show any significant difference in reaction 

time with control group at all point of time intervals 

(table 2). But the reaction time of Atorvastatin 8 mg/kg 

group increased from 6.66 ± 0.49s at baseline to 9 

on day 3 and 11 ± 0.52s on day 6 (table 5). Thus 

Atorvastatin 8 mg/kg showed analgesic activity as 

compared with control group on day 3 and 6. Atorvastatin 

3 mg/kg did not show analgesic activity as compared with 

control group. But as study progressed from day 0 to day 

6, Atorvastatin 3mg/kg and 8 mg/kg groups s

increase in reaction time which is shown in fig.1.

Similar findings were reported 

by Santodomingo-Garzon T et al. (2006) who studied the 

analgesic effect of atorvastatin in mechanically induced 

inflammatory hypernociception in mouse paws. 

Treatment with atorvastatin for 3 days dose

reduced hypernociception induced mechanically by 

lipopolysaccharide (LPS). Treatment for 1 or2 days did 

not show reduction in hypernociception. 

These findings were similar to our finding, as 

high dose atorvastatin 8 mg/kg showed analgesic effect 

on day 3 and 6 as compared with control group.

Inflammatory hypernociception involves the 

release of several inflammatory mediators. Those 

hypernociceptive mediators considered to be directly 

acting (PGs and sympathetic amines) act on their specific 

metabotropic receptors present on the primary sensory 

neurons, triggering a cascade of intracellular events 

responsible for lowering the nociceptive threshold 

(Ferreira and Nakamura, 1979; Nakamura and Ferreira, 

1987; Taiwo et al., 1989; Khasar et al.

release of these hypernociceptive mediators is generally 

preceded by the initiation of a cytokine cascade 

al., 1991, 1992, 2005). In rats, the release of TNF

preceded by the generation of bradykinin 

1993). Thus, bradykinin stimulates the release of TNF

which in turn stimulates two distinct hypernociceptive 

pathways. TNF-  stimulates IL-1  production and that 

induces the expression of COX-2, responsible for 

prostanoid biosynthesis. TNF-  also stimulates release of 

chemokines that induce the release of sympathomimetic 

amines (Ferreira et al., 1988; Cunha et al.

Lorenzetti et al., 2002). In mice, IL-1  is responsible for 

the release of prostanoids (Cunha et al.

Santodomingo-Garzon T et al.,(2006) had found that 

atorvastatin inhibited the mechanical hypernociception 

induced by bradykinin, TNF- , IL-1

Furthermore, atorvastatin also inhibited the release of IL

1ß and PGE2 in the mouse paw skin treated with 
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We investigated the analgesic effect of 

atorvastatin in rats by tail clip method. In the present 

study, on day 0, Atorvastatin 3 mg/kg and 8 mg/kg 

cant difference in reaction 

time with control group at all point of time intervals 

(table 2). But the reaction time of Atorvastatin 8 mg/kg 

0.49s at baseline to 9 ± 0.45s 

0.52s on day 6 (table 5). Thus 

atin 8 mg/kg showed analgesic activity as 

compared with control group on day 3 and 6. Atorvastatin 

3 mg/kg did not show analgesic activity as compared with 

control group. But as study progressed from day 0 to day 

6, Atorvastatin 3mg/kg and 8 mg/kg groups showed 

increase in reaction time which is shown in fig.1. 

Similar findings were reported 

. (2006) who studied the 

analgesic effect of atorvastatin in mechanically induced 

inflammatory hypernociception in mouse paws. 

ith atorvastatin for 3 days dose-dependently 

reduced hypernociception induced mechanically by 

lipopolysaccharide (LPS). Treatment for 1 or2 days did 

These findings were similar to our finding, as 

in 8 mg/kg showed analgesic effect 

on day 3 and 6 as compared with control group. 

Inflammatory hypernociception involves the 

release of several inflammatory mediators. Those 

hypernociceptive mediators considered to be directly 

mines) act on their specific 

metabotropic receptors present on the primary sensory 

neurons, triggering a cascade of intracellular events 

responsible for lowering the nociceptive threshold 

Nakamura and Ferreira, 

et al., 1999). The 

ptive mediators is generally 

preceded by the initiation of a cytokine cascade (Cunha et 

In rats, the release of TNF-  is 

preceded by the generation of bradykinin (Ferreira et al., 

Thus, bradykinin stimulates the release of TNF- , 

which in turn stimulates two distinct hypernociceptive 

production and that 

, responsible for 

also stimulates release of 

chemokines that induce the release of sympathomimetic 

et al., 1991, 1992; 

is responsible for 

et al., 2005). 

.,(2006) had found that 

atorvastatin inhibited the mechanical hypernociception 

1  in mice. 

Furthermore, atorvastatin also inhibited the release of IL-

in the mouse paw skin treated with 

lipopolysaccharide (LPS). Therefore, the antinociceptive 

effect of atorvastatin upon inflammatory 

hypernociception seems to be owing to the inhibition of 

the release of cytokines and PGs (Santodomingo

T et al., 2006). The release of proinflammatory 

and also COX-2 induction are largely dependent on 

Nuclear Factor- kappa B (NF- B) transcription pathway 

(Li and Verma, 2002; Ali and Mann, 2004

There is also evidence that statins diminish the activity of 

Nuclear Factor- kappa B (NF-

2003; Lin et al., 2005; Planavila 

al., 2005). 

A peripheral site for the an

atorvastatin is more likely as this statin does not cross the 

blood–brain barrier (Sparks et al.

atorvastatin acting peripherally may also lead to a 

reduction of central sensitization as reduction of 

peripheral nociceptive input to the central nervous system 

could reduce central sensitization (

Some analgesic drugs that inhibit PG

hypernociception, such as peripherally acting opioids and 

dipyrone, act, at least in part, by stimulating the 

arginine/NO/cGMP pathway. Also, subcutaneous 

injection of NO donors inhibite

hypernociception (Duarte et al.

upregulation of eNOS expression in vascular endothelial 

cells (Endres et al., 1998; Amin

Other studies have shown that statins could also 

upregulate the expression of inducible NOS through 

inhibition of geranylgeranyl pyrophosphate in vascular 

smooth muscle cells, airway epithelial cells, fibroblasts 

and cardiac myocytes (Chen et al.

al., 2000; Ikeda et al., 2001). Atorvastatin is known to 

decrease expression of prostaglandin E2 receptors in 

human carotid atherosclerotic plaques and monocytic 

cells (Gomez-Hernandez et al., 2006

The increase of NO production by statins can be 

both dependent on and independent of cholesterol 

inhibition (Laufs, 2003). Inhibition of the enzymatic 

activity of HMG-CoA reductase depletes downstream 

isoprenoids such as geranylgeranyl pyrophosphate and 

farnesyl pyrophosphate. The synthesis of these 

compounds is dependent on mevalonate but sterol

independent (Hernandez-Perera 

isoprenoids not only serve as intermediates for cholesterol 

biosynthesis, but modify proteins to facilitate their 

attachment to cell membranes (

2001). Exogenous mevalonate reversed the 

antinociceptive effect of atorvastatin, suggesting that a 

product downstream of HMG-CoA reductase, but not 

cholesterol, involved in modulating the hypernociception 

(Santodomingo-Garzon T et al

isoprenoid production by statins has been shown to 

lume 18, Issue 1, 2016 pp 105-110 
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lipopolysaccharide (LPS). Therefore, the antinociceptive 

effect of atorvastatin upon inflammatory 

hypernociception seems to be owing to the inhibition of 

the release of cytokines and PGs (Santodomingo-Garzon 

., 2006). The release of proinflammatory cytokines 

2 induction are largely dependent on 

B) transcription pathway 

Ali and Mann, 2004; Wu, 2005). 

There is also evidence that statins diminish the activity of 

B) (Hilgendorff et al., 

Planavila et al., 2005; Prasad et 

A peripheral site for the antinociceptive action of 

atorvastatin is more likely as this statin does not cross the 

et al., 2002). However, 

erally may also lead to a 

reduction of central sensitization as reduction of 

peripheral nociceptive input to the central nervous system 

could reduce central sensitization (Millan, 1999). 

Some analgesic drugs that inhibit PG-induced 

hypernociception, such as peripherally acting opioids and 

dipyrone, act, at least in part, by stimulating the L-

arginine/NO/cGMP pathway. Also, subcutaneous 

injection of NO donors inhibited PGE2-induced 

et al., 1992). Statins induce 

upregulation of eNOS expression in vascular endothelial 

Amin-Hanjani et al., 2001). 

Other studies have shown that statins could also 

ate the expression of inducible NOS through 

inhibition of geranylgeranyl pyrophosphate in vascular 

smooth muscle cells, airway epithelial cells, fibroblasts 

et al., 2000; Muniyappa et 

). Atorvastatin is known to 

decrease expression of prostaglandin E2 receptors in 

human carotid atherosclerotic plaques and monocytic 

, 2006). 

The increase of NO production by statins can be 

both dependent on and independent of cholesterol 

). Inhibition of the enzymatic 

CoA reductase depletes downstream 

isoprenoids such as geranylgeranyl pyrophosphate and 

farnesyl pyrophosphate. The synthesis of these 

compounds is dependent on mevalonate but sterol-

Perera et al., 1998). These 

isoprenoids not only serve as intermediates for cholesterol 

biosynthesis, but modify proteins to facilitate their 

attachment to cell membranes (Amin-Hanjani et al., 

). Exogenous mevalonate reversed the 

antinociceptive effect of atorvastatin, suggesting that a 

CoA reductase, but not 

odulating the hypernociception 

et al., 2006). Inhibition of 

isoprenoid production by statins has been shown to 
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increase NOS expression and activity in culture, with 

consequent production of NO, which has anti-

hypernociceptive activity (Laufs and Liao, 1998; Laufs, 

2003).  

It was interesting to note that analgesic activity 

of atorvastatin showed improvement as the study 

progressed from day 3 to day 6. This perhaps indicates 

that administration of atorvastatin for a prolonged period 

as is used for treating hypercholesterolemia may show 

more pronounced analgesic effect. As a corollary of the 

present observations, an atherosclerotic patient with 

inflammatory co-morbidities like rheumatoid arthritis and 

osteoarthritis may require reduced doses of NSAIDs to 

relieve the pain. However this speculation needs to be 

confirmed clinically.  

 

REFERENCES 
1. Ali S, Mann DA. Signal transduction via the NF-kappaB 

pathway: a targeted treatment modality for infection, 

inflammation and repair. Cell Biochem Funct 2004; 22: 

67–79. 

2. Amin-Hanjani S, Stagliano NE, Yamada M, Huang PL, 

Liao JK, Moskowitz MA. Mevastatin, an HMG-CoA 

reductase inhibitor, reduces stroke damage and 

upregulates endothelial nitric oxide synthase in mice. 

Stroke 2001; 32: 980–986. 

3. Bianchi C and Franceschini J. Experimental observations 

on Haffner’s method for testing analgesic drugs. Brit. J. 

Pharmacol.1954; 9, 280. 

4. Burke A., Smyth E, FitzGerald G. Analgesic-antipyretic 

and anti-inflammatory agents: Pharmacotherapy of Gout, 

ed Brunton LL, Lazo JS, Parker KL, Goodman and 

Gilman’s The Pharmacologic Basis of Therapeutics, 11th 

edition, 2006, McGraw Hill Publications, New York : 

671- 715. 

5. Chen H, Ikeda U, Shimpo M, Ikeda M, Minota S, Shimada 

K. Fluvastatin upregulates inducible nitric oxide synthase 

expression in cytokine-stimulated vascular smooth muscle 

cells. Hypertension 2000; 36: 923–928. 

6. Corsini A, Raiteri M, Soma MR, Bernini F, Fumagalli R, 

Paoletti R. Pathogenesis of atherosclerosis and the role of 

3-hydroxy-3-methylglutaryl coenzyme A reductase 

inhibitors. Am J Cardiol 1995; 76: 21A–28A. 

7. Cunha FQ, Lorenzetti BB, Poole S, Ferreira SH. 

Interleukin-8 as a mediator of sympathetic pain. Br J 

Pharmacol. 1991; 104: 765–767. 

8. Cunha FQ, Poole S, Lorenzetti BB, Ferreira SH. The 

pivotal role of tumour necrosis factor alpha in the 

development of inflammatory hyperalgesia. Br J 

Pharmacol 1992; 107: 660–664. 

9. Cunha TM, Verri Jr WA, Silva JS, Poole S, Cunha FQ, 

Ferreira SH. A cascade of cytokines mediates mechanical 

inflammatory hypernociception in mice. Proc Natl Acad 

Sci USA, 2005; 102: 1755–1760. 

10. Duarte ID, Santos IR, Lorenzetti BB, Ferreira SH. 

Analgesia by direct antagonism of nociceptor sensitization 

involves the arginine–nitric oxide–cGMP pathway. Eur J 

Pharmacol 1992; 217: 225–227. 

11. Endres M, Laufs U, Huang Z, Nakamura T, Huang P, 

Moskowitz MA et al. Stroke protection by 3-hydroxy-3-

methylglutaryl (HMG)-CoA reductase inhibitors mediated 

by endothelial nitric oxide synthase. Proc Natl Acad Sci 

USA, 1998; 95: 8880–8885. 

12. Ferreira SH, Lorenzetti BB, Bristow AF, Poole S. 

Interleukin-1 beta as a potent hyperalgesic agent 

antagonized by a tripeptide analogue. Nature.1988; 334: 

698–700. 

13. Ferreira SH, Lorenzetti BB, Poole S. Bradykinin initiates 
cytokine-mediated inflammatory hyperalgesia. Br J 

Pharmacol. 1993;110: 1227–1231. 

14. Ferreira SH, Nakamura MI – Prostaglandin hyperalgesia, a 

cAMP/Ca2± dependent process. Prostaglandins, Br J 

Pharmacol 1979; 18: 179–190. 

15. Gomez-Hernandez A, Sanchez-Galan E, Martin-Ventura 

JL, Vidal C, Blanco-Colio LM, Ortego M et al. 

Atorvastatin reduces the expression of prostaglandin E2 

receptors in human carotid atherosclerotic plaques and 

monocytic cells: potential implications for plaque 

stabilization. J Cardiovasc Pharmacol. 2006; 47: 60–69. 

16. Hernandez-Perera O, Perez-Sala D, Navarro-Antolin J, 
Sanchez-Pascuala R, Hernandez G, Diaz C et al. Effects of 

the 3-hydroxy-3-methylglutaryl-CoA reductase inhibitors, 

atorvastatin and simvastatin, on the expression of 

endothelin-1 and endothelial nitric oxide synthase in 

vascular endothelial cells. J Clin Invest. 1998; 101: 2711–

2719. 

17. Hilgendorff A, Muth H, Parviz B, Staubitz A, Haberbosch 

W, Tillmanns H et al. Statins differ in their ability to block 

NF-kappaB activation in human blood monocytes. Int J 

Clin Pharmacol Ther, 2003; 41: 397–401. 

18. Khasar SG, McCarter G, Levine JD. Epinephrine produces 

a beta-adrenergic receptor-mediated mechanical 

hyperalgesia and in vitro sensitization of rat nociceptors. J 

Neurophysiol. 1999; 81: 1104–1112. 

19. Kumar V, Abbas AK, Fausto N, Acute and chronic 

inflammation, in Robbins and Cotrans, Pathologic Basis of 

Disease, 7th edition, 2004, Elsevier publication, 

Pennysylvania: 47-86. 

20. Laufs U, Liao JK. Post-transcriptional regulation of 
endothelial nitric oxide synthase mRNA stability by Rho 

GTPase. J Biol Chem. 1998; 273: 24266–24271. 

21. Li Q, Verma IM. NF-kappaB regulation in the immune 

system. Nat Rev Immunol. 2002; 2: 725–734. 

22. Lin R, Liu J, Peng N, Yang G, Gan W, Wang W. 

Lovastatin reduces nuclear factor kappaB activation 

induced by C-reactive protein in human vascular 

endothelial cells. Biol Pharm Bull .2005; 28: 1630–1634. 

23. Lorenzetti BB, Veiga FH, Canetti CA, Poole S, Cunha FQ, 
Ferreira SH. Cytokine-induced neutrophil 

chemoattractant-1 (CINC-1) mediates the sympathetic 

component of inflammatory mechanical hypersensitivity 

in rats. Eur Cytokine Network. 2002; 13: 456–461. 

24. McCarey DW, Mclnnes IB, Madhok R, Hampson R, 

Scherbakova O, Ford I et al. Trial of Atrovastatin in 

Rheumatoid Arthritis (TARA): double-blind, randomized 

placebo-controlled trial. The Lancet 2004; 363:2015-2020. 

25. Millan MJ. The induction of pain: an integrative review. 

Prog Neurobiol 1999; 57: 1–164. 



International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 18, Issue 1, 2016 pp 105-110 

International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 18, Issue 1, 2016                                        Page 110 

26. Nakamura M, Ferreira SH. A peripheral sympathetic 

component in inflammatory hyperalgesia. Eur J 

Pharmacol. 1987; 135: 145–153. 

27. Planavila A, Laguna JC, Vazquez-Carrera M. Atorvastatin 

improves peroxisome proliferator-activated receptor 

signaling in cardiac hypertrophy by preventing nuclear 

factor-kappa B activation. Biochim Biophys Acta 2005; 

1687: 76–83. 

28. Prasad R, Giri S, Nath N, Singh I, Singh AK. Inhibition of 
phosphoinositide 3 kinase-Akt (protein kinase B)-nuclear 

factor-kappa B pathway by lovastatin limits endothelial–

monocyte cell interaction. J Neurochem 2005; 94: 204–

214. 

29.  Santodomingo-Garzon T, Cunha TM, Vern WA , Valerio 

DAR, Parada CA, Poole S, Ferreira SH and Cunha. FQ 

Atorvastatin inhibits inflammatory hypernociception. 

British Journal of Pharmacology 2006; 149, 14-22. 

30. Schmidt GW. Statins as anti-inflammatory agents. Trends 

in Pharmacological Sciences. 2002; 23:482-486. 

31. Sparks DL, Connor DJ, Browne PJ, Lopez JE, Sabbagh 
MN. HMG-CoA reductase inhibitors (statins) in the 

treatment of Alzheimer's disease and why it would be ill-

advise to use one that crosses the blood–brain barrier. J 

Nutr Health Aging 2002; 6: 324–331. 

32. Taiwo YO, Bjerknes LK, Goetzl EJ, Levine JD Mediation 

of primary afferent peripheral hyperalgesia by the cAMP 

second messenger system. Neuroscience 1989; 32: 577–

580. 

33. Tondon V, Bano G, Khajuria V, Parihar A, Gupta S. 
Pleiotropic effects of statins. Ind J. Pharmacol 

2005;37:77-85 

34. Wu KK. Control of cyclooxygenase-2 transcriptional 

activation by pro-inflammatory mediators. Prostaglandins 

Leukot Essent Fatty Acids 2005; 72: 89–93. 

35. Youssef S, Stuve O, Patarroyo JC, Ruiz PJ, Radosevich 
JL, Hur EM et al. The HMG-CoA reductase inhibitor, 

atorvastatin, promotes a Th2 bias and reverses paralysis in 

central nervous system autoimmune disease. Nature 2002; 

420: 78–84. 

 

 Source of Support: None Declared 

Conflict of Interest: None Declared  


