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ABSTRACT

Pain is such an experience that every human being is faced in hislher lifetime. On one hand, it is a warning for
awareness from tissue damage and on the other hand it is a bad experience which always attacks the body and the
soul of human. Treatment of acute and chronic pain is the subject of many clinical and laboratory researches due to
the complexity and multiple protests of pain. Through inhibition of cyclooxygenase-2 and thereby inhibition of
prostaglandins, lycopene prevents from sensitization of pain receptors caused by these molecules and reduces the
pain that comes with these responses. This study is aimed to evaluate the effect of lycopene with ibuprofen on
sensory threshold of pain using formalin test in adult male rats. 32 male Wistar rats were randomly divided in this
study into 4 groups including a control group and three experimental groups. 5 and 10 mg of lycopene per kg of
body weight and ibuprofen at a dose of 6 mg/kg of body weight were intraperitoneally administered to the
experimental groups, respectively. Formalin test was performed 30 minutes after the injection. Data were analyzed
using one way analysis of variance (ANOVA) and least significant difference (LSD) test at significance level of 0.05.
Intraperitoneal injection of lycopene in a dose dependant manner (only at a dose of 10 mg/kg of body weight) can
reduce formalin-induced acute and chronic pains. Because of flavonoid and high antioxidant properties and
inhibition of cyclooxygenase and prostaglandins, lycopene can probably reduce formalin-induced analgesic effects
and according to hazards of nonsteroidal drugs for clinical use, it can be helpful in the future.
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INTRODUCTION

Pain is such an experience that each human is facédés or her lifetime. In one hand, pain is a mmag for
awareness from tissue injury and on the other hsadbad experience which always attacks the bodytlae soul
of human. Treatment of acute and chronic painsbess the subject of many clinical and laboratoseaeches
because of the complexity and multiple protestpaif [1]. Two main categories of anti-pain mateyiaicluding
opioids (narcotics) and analgesics and non-steradéi-inflammatory drugs (NSAIDs) (pseudo-aspijirare
currently used that their adverse effects are alsosiderable despite the abundant use. Pseudadraspior
example, damage to the gastrointestinal tract, ésidrand central nervous system; and more ever aheynot
effective in some patients and even developmenblefance is reported in some of them. There ase abme
complications such as drug resistance, addictiopheria, nausea, constipation and respiratory dsfme about
opioid analgesic drugs [2]. The above elements hedescientists to seek medicines that are chedpasgailable;
meantime they are free from the mentioned comjpdinat Therefore, the effects of lycopene, a natpiginent, on
acute and chronic pains using formalin test wildiscussed in this study.
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Formalin test is one of the standard tests in nreasent of pain responses against painful stim{li$abcutaneous
injection of formalin causes two-phase pain that finst phase or acute stage (neurogenic phaghgisesult of
direct stimulation of pain receptors in animals'wpawhile the second phase or chronic phase is dabse
inflammation stage [4]. Analgesic drugs that exleeir effects through the central nervous systegrahte to inhibit
both phases of formalin-induced pain, while periplig acting anti-pain medicines can only inhibitee second
phase of pain in the formalin test [5].

Lycopene is the predominant carotenoid availatleuman blood serum [7, 9] that structurally ised carotenoid
and mainly is available in tomatoes, watermeloapgfruit and apricot [6, 7]. This carotenoid is agbrecursor of
vitamin A, but it has very powerful antioxidant perties due to the presence of 11 conjugated ddadnles that
eliminates free radicals [8, 9]. Researches reshitsv that the ability to absorb free radicals ygopene is two
times more thar- carotene and ten times more than alpha-tocopHé&fl Inflammation is considered as a
productive peripheral process of pain in the secphnadse of formalin test [15]. Formalin-induced amfimation
leads to increased nitric oxide synthase (NOS).[BBfric oxide synthase is an active enzyme inanfinatory
lesions [40]. Nitric oxide is a highly active anchall molecule that is produced by NOS [41]. Nitagide (NO)
plays role in many functions of the nervous systsna matter of mediating and moderator [42]. Inffeation
stimulating cytokines, including tumor necrosistéaealpha (TNF-alpha), interleukin-1 (IL-1) andenteukin-6 (IL-
6), lipid mediators and eicosanoids such as pristdims are triggers of inflammatory responseslammatory
mediators lead to expression of inducible nitricdexsynthase (iNOS) [45]. Microglia cells play ampiortant role in
inflammation process and excessive activation eifritieads to release of nitric oxide, prostaglandims cytokines
that stimulate inflammation [46]. Lycopene effeots inhibition of inflammatory mediators are knownmultiple
diseases. Lycopene can prevent from inflammatosparse to acute brain stroke and reduce the ewmfetite
affected area in the brain [16]. It was determiimedvaluation of lycopene effect on cultured matwage cells in
mouse that the pigment exerts its anti-inflammateifect through inhibition of INOS [17]. It has beeeported
about evaluation of protective effects of lycopemeischemic injury of the brain in rats that lycopeat doses of 5
and 10 micromolar inhibits nitric oxide (NO) by 618]. Nitric oxide is a full of pain mediator thaicreases
followed by injection of formalin [19], so mayberse parts of analgesic effects of lycopene are &ssucwith
inhibition of NO.

Cyclooxygenase-2 (COX-2) enzyme causes the systl#sprostaglandins from arachidonic acid in resgoto
inflammatory stimuli. Prostaglandins are also fammediators of pain in the formalin test [20]. Nsieroidal anti-
inflammatory drugs are used to inhibit cyclooxygenasomers (COX-1, COX-2), cyclooxygenase pathwaxyk
reduction of prostaglandin synthesis. COX-2 is asded with inflammation and pain [43]. COX-2 exgs®dn
decreases by pro-inflammatory cytokines and ardiemis and leads to increase of inducible nitridexsynthase
(INOS) enzyme (44, 47). It has been reported tyaidene prevents from the nerve tissue inflammaitiorat by
inhibition of COX-2 enzyme in microglial cells [21[n addition, one of the anti-cancer mechanismiyadpene is
suppression of inflammatory responses that includgibition of pro-inflammatory mediators such asluction of
reactive oxygen species (ROS), inhibition of systhend release of pro-inflammatory cytokines, geanin the
expression of cyclooxygenase and lipoxygenase dpgtment of signaling pathways [22]. So, throughibition
of cyclooxygenase-2 enzyme and thereby inhibitidhpoostaglandins, lycopene can possibly prevenmfro
sensitization of pain receptors caused by thesecuntds and reduce the pain sense that comes wih tksponses.
Moreover to assess the effect of lycopene on aantkechronic pains induced by formalin, a comparigdh be
done between this carotenoid and a common paievezlimedication called ibuprofen in this study.dimfen is a
non-steroidal anti-inflammatory drugs and it hasve analgesic effects in the formalin test [23]isTmedicine
exerts its analgesic effects through inhibitionpobstaglandins synthesis [24]. It is known thatpitmien is a
nonspecific inhibitor of COX. On the other hand C@Xibitor medicines exert their significant efféctthe second
stage of pain [25]. In addition, there are somerepabout lack of significant effect of ibuprofen acute pain or
early phase of the formalin test [26].

So the aim of this study is to evaluate the eftddicopene with ibuprofen on sensory thresholgaih using the
formalin test in adult male rats.

EXPERIMENTAL SECTION
This research is an experimental study that wa$opeed in 2015 in the Keeping and Breeding Center o
Laboratory Animals in Jahrom University of Medicatiences. A total of 32 male Wistar rats were ramgo

selected among 300 male rats. The entire processdaae in accordance with international laws orpkeg of
laboratory animals.
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The samples were selected by simple random samplidgthe rats were randomly divided between theiggo
using random numbers table.

Based on papers published in this field, this ytwads carried out on 32 healthy male Wistar ratthan weight
range of 180 to 200 grams. The animals were rangldimided into four groups of eight each.

The total number of required samples was 32 mdke Based on previous studies, prescribed condemtraf
lycopene was determined in dose of 5 and 10 méger body weight [28]. Thus, experimental and cohgroups
in this study are as follows.

Control group: formalin (5@, 2.5%) was subcutaneously injected by insulinnge into the right hind paw of rats
in this group. The animals in this group did nataige any treatment (lycopene or ibuprofen) (n==8).

Experimental 1 group: 30 minutes prior to injectiohformalin, the animals of this group were ingdapneally
received 5 mg of lycopene per kg of body weight8n=
Experimental 2 group: 30 minutes prior to injectioihformalin, the animals of this group were inggponeally
received 10 mg of lycopene per kg of body weigh3(n

Experimental 3 group: 30 minutes prior to injectioihformalin, the animals of this group were inggponeally
received 6 mg of ibuprofen (nonsteroidal anti-inflaatory medicine as a positive control) per kg ody weight
(n=8) [26].

All ethical issues about quality of working withblaratory animals were considered in this study.

32 male Wistar rats with an average weight of 180-g were used to contact this study. The rats wepe in the
Animals Breeding Room in Jahrom University of MadiSciences for a week to adopt. Dark and brightecwas
adjusted for 12 hours of light and 12 hours of dads and humidity was about 50 to 55 percent. Afedghing, the
rats were kept in their cages (4 rats per cagedy Téd from pellet, the rats’ food. Water was pded for them in
glass bottles. The cages were cleaned and disadf@ctimes a week.

Formalin test: the most important feature of formalin test istthedents show two responses to pain, which
apparently have two different mechanisms. The fitsige (acute pain) appears immediately after tiojecof
formalin and lasts 3 to 5 minutes. It does not slaow particular behavior within 5 to 15 minutesathe first five
minutes. The second stage (chronic pain) begims 6 minutes after injection of formalin and la3t® 5 minutes.
To do formalin test and record analgesia behavemigjinistration of medication or distilled water sMaerformed
30 minutes before beginning of the test and the vadre immediately placed in the formalin test chamto
compromise with environment and eliminate stresfterA30 minutes, 5@l formalin (2.5%) was subcutaneously
injected by insulin syringe into the right hind pafithe animals and they were immediately placegléxiglass
chambers of formalin test with dimensions o&x30x30 cm. The animals’ behaviors were observed wiehhblp
of an embedded mirror at an angle of 45 degreds hdtizontal plane in the floor of the chambers path motor
response were recorded every 15 seconds with thiens O, 1, 2 and 3 and according to Dubisson aswthis
Method in 1997.

Zero (0): for the time that the rat has full balmturing walking and its body weight is equallytdisited on both
feet.

One (1): for the time that the rat does not tokertt body weight on the injected foot and/or witdmas no trouble
in walking.

Two (2): for the time that the animal raises its)id toes and has no contact with the floor of thamber.

Three (3): for the time that the animal licks itdrgul leg and/or intensely shakes it.

Pain score is calculated during 60 minutes as b2kl of 5 minutes and the mean pain score is ckullas
follows.

3T3+2T2+1T1+0T0 =PainScore
3005
Where, TO, T1, T2 and T3 are the number of 15 sgedimat the animal respectively shows 0, 1, 2 abdHaviors
over a period of 5 minutes. The times 0-5 minutes$ B6-60 minutes were respectively consideredlithalgroups
as an acute phase and a chronic phase. The stldgion criteria were healthy male Wistar rats w@ig from 180
to 200 grams and exclusion criterion of the stud the animal death.
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RESULTS

As shown in Table 1, the group received 5 mg lyoep@@=0.12) and (p=0.19) did not show a significdetrease
in the acute phase (from the time of injection forinutes after that) and chronic phase (15 to &tutes after
injection). However, the group received 10 mg lyaop did not show a significant decrease comparéa the
control group both in the acute phase (p=0.001)iartde chronic phase (p=0.03) of pain. The graegeived 6 mg
ibuprofen showed a significant reduction comparétth ¥he control group both in the acute phase (&4) and in
the chronic phase (p=0.01).

Table 1- Mean scor e of analgesia induced by intraperitoneal injection of lycopenein acute and chronic phases of pain caused by formalin
in the different groups

Groups 0-15 (min) | 15-60 (min)
Control 1.9+0.12 2.5+0.14
Lycopene(5mg) 1.7+0.09 2.2+0.18
Lycopene(10mg) | 1.3+0.11° | 1.6+0.13°
Ibuprofen (6mg) | 1.1+0.06° | 1.4+0.17°
Meanz standard error of the mean

According to Duncan Test, if there is at least @oenmon letter in each column, those groups do @eeh
significant difference with each other.

DISCUSSION

One of possible solutions to achieve new analgesdicines with higher usage and fewer side effecfsaying
attention to herbs and natural substances whictaeed from them. Today, carotenoids such as |ymopae
widely extracted for human health from fruits anegetables as food pigments, nutritional supplemants
powerful antioxidants [9]. In addition to powerfahtioxidant effects [29], previous studies havevemh that
lycopene shows blood cholesterol-lowering effec®0][and can inhibit TNF: and peroxynitrite. In addition,
lycopene antioxidant effect causes the cells amdrnebsomes of human fibroblasts in culture medigitmtected
from damages induced by ionizing radiations.

Given to the results of this study, lycopene aedofs10 mg can reduce pain in both acute and chigmase, which
is similar to the results obtained from ibuprofeadicine. No study has been done till now on thdgasic effects
of lycopene by the formalin test or other chemitaldels for creation of chronic and acute pains.tBetanalgesic
effects of lycopene on thermal hyperalgesia and atbdynia have been studied in streptozotociniied diabetic
rats using hot plate and tail flick models whick asually considered as models for creation ofeapatn and show
its analgesic effects [27]. Studies have shown titeit oxide (NO) levels increase in affected af@dowing tissue
injuries [34]. NO is a free radical gas which invedl in neuropathic pain as a messenger. NO is eyizéd from L-
arginine amino acid by nitric oxide synthase (NOH)ree NOS types including the main type as neuroitac
oxide synthase (NNOS, type 1), endothelial type(d@Ntype 2) and immunological type (iNOS, type 8yénbeen
detected till now [35]. nNOS is activated first asesult of tissue injury or inflammation and tHe® levels are
increased. Studies have shown that all three isef@f nitric oxide are increased after the incredsgeuropathy in
the damaged area [36]. In investigation on lycopefifiect on cultured macrophage cells of mouse vedsrchined
that this pigment exerts its anti-inflammatory efféhrough inhibition of iINOS [17]. The analgesictigity of
lycopene is possibly through inhibition of NO araease of TNF-alpha [38]. On the other hand livimganisms
have different mechanisms including antioxidaniedst system such as flavoniods to counteract faet eff these
reactive materials [37]. Studies have shown thatlgasic effects and anti-inflammatory activitiecu® and
chronic) may be due to presence of flavoniods (susclycopene) [37].

In addition, side effects of lycopene consumpti@wéhnot been seen in human. In a study that wdsrpexd by
Mckinley et al. red-orange discoloration of thens&ind the liver associated with high levels of [yeoe have been
reported due to excessive consumption of caroteinamiddle-aged women who had had long-term cowotilsuuse
of tomato product. The discoloration had returnednbrmal after three weeks on a lycopene-free [H8}.
Therefore, future studies on the use of lycopenaraalone analgesic or in combination with othediciaes are
recommended.
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