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Inhibition of carrageenan-induced expression of
tissue and plasma prekallikreins mRNA by low
level laser therapy in a rat paw edema model

Inibicao da expressao de RNA mensageiro de pré-calicreinas tecidual e
plasmatica pela laserterapia em modelo de edema de pata induzido pela
carragenina em ratos

Moisés P Silva', Flavia Bortone', Marcelo P Silva!, Thiago R. Aradjo', Maricilia S. Costa?, José A. Silva Junior

Abstract

Background: Low level laser therapy (LLLT) has been used clinically in order to treat inflammation, where tissue and plasma prekallikrein
have crucial importance. Plasma prekallikrein (PPK) is synthesized by the hepatocytes and secreted into the bloodstream, where
it participates in the surface-dependent activation of blood coagulation, fibrinolysis, kinin generation and inflammation. Tissue
prekallikrein is associated with important disease states (including cancer, inflammation, and neurodegeneration) and has been utilized
or proposed as clinically important biomarker or therapeutic target of interest. Objective: To evaluate if LLLT modulates tissue and
plasma prekallikreins MRNA expression in the carrageenan-induced rat paw edema. Methods: Experimental groups were assigned as
followed: A, (Control-saline), A, (Carrageenan-only), A, (laser 660nm only) and A, (Carrageenan + laser 660nm). Edema was measured
by a plethysmometer. Subplantar tissue was collected for the quantification of prekallikreins mRNA by Real time-Polymerase Chain
Reaction. Results: A significantly decrease in the edema was observed after laser irradiation. Expression of prekallikreins increased
after carrageenan injection. Tissue and plasma prekallikrein mMRNA expression significantly decreased after LLLT's 660nm wavelength.
Conclusion: These results suggest that expression of tissue and plasma prekallikreins is modulated by LLLT, which can be used in
clinical practice due to its anti-inflammatory effects.
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Resumo

Contextualizagdo: A laserterapia de baixa poténcia tem sido usada para o tratamento de processos inflamatérios diversos em que
a calicreina tecidual e a plasmatica possuem participagéo ativa. A pré-calicreina plasmatica (PPK) é sintetizada pelos hepatécitos
e secretada na corrente sanguinea, onde participa da ativagao da coagulagao, fibrindlise, geragéo de cininas e inflamagéo. A pré-
calicreina tecidual esta associada com importantes doengas (incluindo cancer, inflamagao e neurodegeneragao) e tem sido utilizada
ou sugerida clinicamente como importante biomarcador ou alvo terapéutico. Objetivo: Avaliar se a laserterapia altera a expressao
génica da pré-calicreina tecidual e da plasmatica no modelo de inflamacéo aguda induzida pela carragenina. Métodos: Quarenta ratos
foram separados em quatro grupos experimentais: A, (controle), A, (carragenina, apenas), A, (laser 660nm, apenas) e A, (Carragenina
+ laser 660nm). O edema foi medido por um pletismémetro. Tecido subplantar foi coletado para a quantificagdo de RNA mensageiro
(RNAm) de pré-calicreinas tecidual e plasmatica por PCR em tempo real. Resultados: Observou-se uma diminuigao significativa no
volume de edema apds irradiacdo com laser 660nm. A expressdo de RNAm de pré-calicreinas tecidual e plasmatica aumentou apds
a inoculacdo de carragenina, entretanto a expressao génica das pré-calicreinas diminuiu significantemente apds laserterapia de
baixa poténcia de 660nm. Conclusdo: Os resultados sugerem que a expressdo de RNAm das pré-calicreinas tecidual e plasmatica é
modulada pela laserterapia de baixa poténcia, podendo ser alvo terapéutico para tratamento de processos inflamatérios.

Palavras-chave: calicreina plasmatica; calicreina tecidual; laserterapia de baixa poténcia; expresséo génica; inflamagao.
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Introduction

The kallikrein-kinin system is an endogenous metabolic cas-
cade that its activation results in the release of vasoactive kinins
(bradykinin-related peptides). This complex system includes the
precursors of kinins known as kininogens and mainly tissue and
plasma prekallikreins'. Kallikreins (KLK) are a family of serine
proteases with diverse physiologic functions. Members of this
family are associated with important disease states (including
cancer, inflammation, and neurodegeneration) and have been
utilized or proposed as clinically important biomarkers or thera-
peutic targets of interest®. All KLKs are synthesized as prepro-
forms that are proteolytically processed to secreted pro-forms
via the removal of an amino-terminal secretion signal peptide.
The secreted inactive pro-KLKs are then activated in extracel-
lular compartment to mature peptidases by specific proteolytic
release of their amino-terminal propeptide®”.

Tissue kallikreins are serine proteases that are encoded
by highly conserved multigene family clusters in rodents and
humans®. Tissue kallikreins are expressed, to varying degrees,
in a wide range of tissues suggesting a functional involvement
in a diverse range of physiological and pathophysiological
processes, which include roles in normal skin desquamation
and psoriatic lesions, tooth development, neural plasticity, and
Alzheimer’s disease. Particular interest is the expression level
of many kallikreins in prostate, ovarian and breast cancers,
where they are emerging as useful prognostic indicators of
disease progression®. Inflammatory processes such as arthritis
and acute joint inflammation also are dependent of kallikrein
activation via proteinase-activated receptor 4 (PAR-4)"%.

Plasma prekallikrein (PPK) is synthesized by the hepato-
cytes and secreted into the bloodstream, where it participates
in the surface-dependent activation of blood coagulation,
fibrinolysis, kinin generation and inflammation. Human PPK
gene is transcribed not only in the liver, but also in various non-
hepatic human tissues at significant levels’.

Carrageenan injection is a widely model used to induce
acute inflammatory response in experimental animals that in-
duces the release of different inflammatory mediators, such as
histamine, bradykinin, prostaglandins and superoxide anions'®.
Winter, Risley and Nuss'' described the use of carrageenan as
an irritant agent to induce rodents paw edema, and is a popu-
lar method for testing new anti-inflammatory therapies'*.

The use of laser by physical therapists has allowed the treat-
ment of several inflammatory disorders. The association of car-
rageenan administration and low level laser therapy is becoming
one important tool for studying healing inflammatory condi-
tions. Generally associated with anti-inflammatory effects, pain
relief and accelerate the regeneration in the damage tissue'*',
low level laser therapy (LLLT) using near infrared irradiation

(600-1,000nm) has been used to treat patients with inflamma-
tory processes. The clinical use of LLLT in the conventional
medicine has been recently suggested'®. The general belief is that
laser light directs biostimulative energy to the body’s injured
cells in a specific location, where the cells transform this energy
into chemical energy promoting natural healing and pain relief
through tissue repair. Interestingly, the understanding of the
molecular mechanism by which laser action can successfully
ameliorate inflammatory states is not clearly understood.

Therapeutic laser has been widely used in several studies
to demonstrate its potential anti-inflammatory effects. In 1992,
Honmura et al.”” studying the effect of a 780 nm Ga-Al-As diode
laser irradiation observed that laser inhibited the increase of
vascular permeability during the occurrence of an acute in-
flammation in the carrageenan-air-pouch model, the edema in
the acute stage in the carrageenan-paw-edema model, and the
granuloma formation in the carrageenan-granuloma model af-
ter receiving laser irradiation once daily". Recently, de Morais
etal.®showed that LLLT also reduces inflammatory signs effec-
tively in an animal model of zymosan-induced arthritis®. Fur-
thermore, Boschi et al.”, in 2008, found that LLLT-660 nm can
induce an anti-inflammatory effect characterized by inhibition
of total or differential leukocyte influx, exudation, total protein,
NO, IL-6, MCP-1, IL-10, and TNF-alpha, in a dose-dependent
manner". Beneficial effects of LLLT usage against inflamma-
tion in dentistry were reported on root canal walls, periodontal
tissues, and endodontics as reviewed by Mohammadi®.

The present study was designed to investigate the anti-in-
flammatory effects of LLLT, applied in a wavelength of 660nm,
and the participation of tissue and plasma prekallikreins in this
therapeutic action using a state-of-art technology.

Methods
Animals

The experiments were performed using male Wistar rats
(150-200g), with food and water “ad libitum” provided by Central
Animal House of the Research and Development Department of
Universidade Vale do Paraiba (UNIVAP), Séo José dos Campos,
SP, Brazil. All experiments were carried out in accordance with
the guidelines of UNIVAP for animal care (protocol number:
A034/2006/CEP). All rats were placed in a common box and ran-
domly allocated into four groups composed by ten rats each.

Induction of the edema

A single subplantar injection (0.1ml) of carrageenan (Sigma
Chemical Co., St Louis, MO, USA), using a stock concentration
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of 1% (Saline 0.85%) was administered in the rat left hind paw
under brief anesthesia with halothane®.

Laser irradiation

A continuous, 660-nm, low-intensity GaAlAs diode laser
(model: laser unit, Kondortech) was used in this study. The spot
size was approximately 0.2 cm?® in diameter in the middle of
paw palm area. Laser irradiation with intensity of 30-mW out-
put (energy density of 7.9 J/cm? irradiation time of 60 seconds)
was applied on the marked spot on the experimental side.
Optical power was calibrated using a Newport Multifunction
Optical Meter (model 1835C). Stability of laser during laser ir-
radiation was measured collecting light with a partial reflect
(4%). The laser beam illuminated a single spot in a left hind
paw of each animal of approximately 0.785 cm? Each animal

received a single irradiation.

Experimental groups

Forty rats were allocated into four groups [A (Control-
saline), A, (Carrageenan only), A, (laser 660nm only), A, (Carra-
geenan +laser 660nm)]. Animals from A, group were irradiated
at 1* hour after edema induction by carrageenan administra-
tion. Each group consisted of 10 animals.

Volume edema

Volume of the paw edema (ml) was measured in each
animal using a plethysmometer (plethysmometer 7150, Ugo
Basile, Italy) with a precision of two decimal places. Volume of
paw edema was determined immediately before, and 1, 2, 3 and
4 hours after carrageenan administration. An increase in paw
volume (ml) was calculated by subtracting the basal volume

from the final volume in each animal®.

Experimental procedure

A considerable increase in the paw volume after car-
rageenan administration characterized the inflammatory
process. Animals were sacrificed by decapitation 4 hours after
different treatments and subplantar muscles were quickly dis-
sected, immediately frozen in liquid nitrogen and stocked at
-80°C, until RNA isolation.

Total RNA extraction

Total RNA was extracted from thawed tissues homogenized
in 1ml of TRIzol reagent (Gibco BRL, Gaithersburg, MD), ac-
cordingly to the manufacturer’s instructions.

Quantitative Real-time polymerase chain reaction
(RT-PCR)

One microgram of total RNA was used for cDNA synthesis
and RT-PCR gene expression analysis. Initially, contaminating
DNA was removed using DNase I (Invitrogen) at a concen-
tration of 1 unit/pg RNA in the presence of 20mM Tris-HCl
(pH 8.4), containing 2 mM MgCl, for 15 min at 37°C, followed
by incubation at 95°C during 5 min for enzyme inactivation.
The reverse transcription (RT) was carried out in a 200pl reac-
tion in the presence of 50mM Tris-HCI (pH 8.3), 3mM MgCl,,
10mM dithiothreitol, 0.5mM dNTPs and 50ng of random prim-
ers with 200 units of Moloney murine leukemia virus-reverse
transcriptase (Invitrogen). The reaction conditions were: 20°C
for 10 min, 42°C for 45 min and 95°C for 5 min.

Thereaction product was amplified by real time PCR on a
7000 Sequence Detection System (ABI Prism, Applied Biosys-
tems, Foster City, CA) using the SYBRGreen core reaction kit
(Applied Biosystems). The thermal cycling conditions were:
50°C for 2 min, then 95°C for 10 min, followed by 40 cycles at
95°C for 15 s and 60°C for 1 min. Experiments were performed
in triplicates for each data point. Tissue and plasma prekal-
likreins mRNA abundance were quantified as a relative value
compared with aninternal reference, 3-actin, whose abundance
was believed not to change between the varying experimental
conditions. Primers used for real time PCR were as follows:
rat KLK1 (tissue kallikrein) forward primer (GenBank™ ac-
cession number NM_001005382) 5- tgtcatcaacagatacctctg
-3" and reverse primer 5- GCATGATCTGTCACCATCTGT-3;
rat PPK (plasma kallikrein) forward primer (GenBank™ ac-
cession number AH003184) 5- ctgtattgacaggtcaaaca -3° and
reverse primer 5- AGTCTTCACATGAAGCTAGT -3’; and rat
B-actin forward primer (GenBank™ accession number J00691)
5- AAGTCCCTCACCCTCCCAAAAG -3’ and reverse primer
(GenBank™ accession number V01217) 5- AAGCAATGCTGT-
CACCTTCCC -3 One microliter of RT reaction was used for
Real-Time PCR. A preliminary experiment was previous per-
formed to determine if saline inoculation could result in mRNA
expression changes.

Quantitative values for the tissue and plasma prekal-
likreins and P-actin mRNA transcription were obtained from
the threshold cycle number, where the increase in the signal
associated with an exponential growth of PCR products begins
to be detected. Melting curves were generated at the end of ev-
ery run to ensure product uniformity. The relative target gene
expression level was normalized on the basis of -actin expres-
sion as an endogenous RNA control. ACt values of the samples
were determined by subtracting the average C, value of tissue
and plasma prekallikreins mRNA from the average C, value of
the internal control f-actin. As it is uncommon to use ACt as
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a relative data due to this logarithmic characteristic, the 24
parameter was used to express the relative expression data.

Statistical analysis

Dataobtained were analyzed statistically using the program
InStat (GraphPad Software). Data were examined by analysis
of variance (ANOVA) followed by the Student t-test post hoc
to determine possible between-group differences. The results
were considered significant when P<0.05.

Results :::.
Time course of edema formation

Carrageenan-induced edema in the subplantar region of rat
paw was used as a model to determine temporal relationships
between edema formation and expression of prekallikreins
at the site of peripheral inflammation. Under the conditions
used for carrageenan-induced inflammation, swelling of the
paw occurred rapidly after carrageenan injection with an in-
crease in volume at 1 hour from 0.03 ml (groups A and A,) to
1.15 ml (group A,) by a plethysmometer measurement. Swell-
ing reached its peak at 2 hours (2.75 ml) and remained elevated
until the last measurement at 4 hours. After the 3™ and 4™
hours of carrageenan inoculation, the paw edema of animals
from group A, were 1.47+0.11 and 0.99+0.29 ml, respectively. In
animals that received only saline inoculation (group A ), edema
formation was not observed.

Effect of LLLT on edema formation induced by
Carrageenan

At the first hour of carrageenan-induced inflammation, the
rat paw was irradiated with LLLT with a wavelength of 660nm
(A,), with energy density of 7.9 J/cm®. A significantly decrease
in the edema evolution was observed in the second hour after
laser irradiation of 660nm. A decrease in the edema evolu-
tion was maintained 3 hours after laser irradiation in the A,
(0.76 ml), when compared to the A, group (2.75 ml). In the 1+, 3"
and 4™ hours, A, group animals presented the following edema
volumes: 0.51+0.08; 0.37+0.12 and 0.22+0.05, respectively. No
significant difference was observed between A and A, groups.

Effect of LLLT on mRNA Expression of the Tissue
and Plasma Prekallikreins in Inflamed Paw

Expression of tissue and plasma prekallikreins was deter-
mined by RT-PCR. Data were expressed as the relative expres-
sion of mRNA 4 hours after carrageenan-induced inflammation
and was compared with the saline group. In the animal group
receiving only carrageenan (A,), tissue prekallikreins mRNA
expression presented a pronounced increase (16.2+0.8) when
compared to control group (A,) (3.6+0.4; p<0.001; Figure 1).
These data show an increase in tissue prekallikrein mRNA
expression around 4.5 times after carrageenan-induced in-
flammation. LLLT promoted a marked decrease in the tissue
prekallikrein expression. An important reduction in the tissue
prekallikrein mRNA expression by LLLT using laser of 660nm
was also observed (5.2+0.5; p<0.05).
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Figure 1. Quantification of tissue prekallikrein mRNA by Real time
PCR. Tissue prekallikrein expression was normalised using B-actin as
endogenous control and expressed as an arbitrary unit. Experimental
groups (n=10 per group): A1 (saline only), A2 (carrageenan only), A3
(laser irradiation only) and A4 (carrageenan + laser irradiation). Tissue
prekallikrein expression was induced after carrageenan injection. LLLT
was able to decrease tissue prekallikrein mRNA expression.

Figure 2. Quantification of plasma prekallikrein mRNA by Real time
PCR. Tissue prekallikrein expression was normalised using p-actin as
endogenous control and expressed as an arbitrary unit. Experimental
groups (n=10 per group): A1 (saline only), A2 (carrageenan only), A3
(laser irradiation only) and A4 (carrageenan + laser irradiation). Plasma
prekallikrein expression was induced after carrageenan injection. LLLT
was able to decrease plasma prekallikrein mRNA expression.
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Concerning to the plasma kallikrein mRNA expression,
carrageenan induced its expression significantly (A,; 22.1+0.3)
when compared to the control group A, (4.2+0.2; p<0.001).
Plasma prekallikrein mRNA amount was diminished after LLLT
(9.120.1; p<0.05; Figure 2). LLLT only (A, group) was unable to
modulate tissue and plasma prekallikreins mRNA expression
(Figures 1 and 2). The saline inoculation was also incapable to
alter mRNA levels of prekallikreins.

Discussion

Recently, the search for the understanding of the mecha-
nisms by which LLLT behave on the tissues, as well as the
determination of the most appropriate wavelength, number of
applications, period of irradiation and energy density has been
increased™.

Our results demonstrated an increase of paw volume char-
acterized as edema, after carrageenan-induced inflammation.
It has been reported that one of the principal factors respon-
sible by starting the inflammation event is the presence of
inflammatory cells into the damage site, due to the interaction
between an inflamed tissue and the leukocytes from blood-
stream. After an inflammatory stimuli, vascular endothelium
starts to express adhesion molecules that facilitates the migra-
tion of inflammatory cell into the inflamed tissue***. In addi-
tion, inflammatory mediators are released by resident cells,
such as prostaglandins (PGE,), tromboxane (TXA,), leukot-
rienes (LTD,) nitric oxide (NO), tumor necrosis factor (TNF-a.)
and interleukins (IL-1p and IL-6). These mediators modified
the vascular tonus through vasodilatation which contributes
to the increase of vascular permeability and, consequently,
the increase of the number of inflammatory cells (monocytes
and neutrophils) in the site of injury®. While macroscopic
examination showed markedly paw swelling of carrageenan-
injected paw, histopathological examinations of paw sections
usually show pronounced inflammatory reaction induced by
carrageenan and is characterized by accumulation of polymor-
phonuclear leukocyte in interstitial tissue and between muscle
bundles as well (for review, see Morris®).

Real Time PCR provides a clinical diagnosis with the ability
to specifically target a particular sequence of human or patho-
gen DNA or RNA and amplify it to a level that can be detected
and measured. Moreover, it is a fast, accurate, and highly sensi-
tive method that can be used for a broad range of genetic tests.
Here we used the PCR technology in order to detect changes
in mRNA content after laser therapy, that can provide new
information about the action of laser therapy in the irradi-
ated tissue and the its further consequences. Recently, we use
the same procedure to demonstrate that LLLT can alter pro-

inflammatory cytokines such as TNF-o, IL-1$ and IL-6 and
COX mRNA expression in inflamed tissue**. Thus, we sug-
gested that the anti-inflammatory effect of LLLT can be due
to the modulation of the inflammatory response through steps
related to mediator’s activation. Probably, the effect of LLLT on
the mRNA expression can be due to inhibition of not just one
cytokine in each time, but modulating the TNF-o. mRNA and,
consequently, reducing the IL-13 mRNA expression. It has been
reported that the alterations promoted by IL-18 during the in-
flammatory process are diminished in the animals treated with
either a drug anti-TNF-o. or antagonist of his receptor. Aimbire
et al® have demonstrated that LLLT reduced both the TNF-a
level and the hemorrhagic lesion in an acute lung inflammation
model. It has been reported that the anti-inflammatory effect
of LLLT is related to activation of transcription factors such as
the NF-kB. This transcription factor stimulates the increase of
mRNA expression to TNF-a, IL-1f3 and IL-6%.

Components of kallikrein-kinin system such as kinin B1 and
B2 receptors were also related to LLLT action. A decrease in ki-
nin Bl receptor mRNA amount after LLLT was observed using
laser with a wavelength of either 660 or 684nm. Kinin B1 receptor
mRNA expression is relevant in inflammation models, since its
induction is modulated by cytokines such as IL-1f3 and TNF-a.*.
Kinin B2 receptor mRNA expression was also diminished after
LLLT®. In addition, there appears to be an inter-relationship be-
tween cytokines and kinins in the inflammatory process. Kinins
induce the release of cytokines, and cytokines have been shown
to augment the effects of kinins. This may lead to an enhance-
ment and perpetuation of the inflammatory process™.

This study is the first to report the modulation of mRNA
prekallikrein expression by LLLT and reinforces the involve-
ment of kallikrein-kinin system in the anti-inflammatory
action of LLLT. Accumulating evidence indicates that prekal-
likreins are involved in many pathologic conditions. Evidences
suggest an important role for kinins in the generation of pain,
swelling and the cellular damage associated with inflamma-
tory joint disease®.

Kinins are considered to be pro-inflammatory peptides for
a variety of reasons. They stimulate c fibers in the synovium
that cause pain and increase extravasation of fluid to produce
swelling. Kinins possess the capacity to release neurotrans-
mitters (substance P and acetylcholine) and a second wave of
mediators (interleukin-1, tumor necrosis factor, interleukin-8,
prostaglandins and leukotrienes)®.

The use of kallikrein as a therapeutic treatment is increasing
in many conditions, especially treatments aiming to restore the
impaired cardiac function after post-infarction heart failure*
and promoting neovascularization in the limb ischemia®.

In summary, kallikrein cascade plays a significant role in
the molecular events of the inflammatory response, since it
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is considered to initiate and maintain systemic inflammatory
responses and immune-modulated disorders. A primary event
is the chemotactic attraction of neutrophils which deliver the
kallikrein-kinin cascade to sites of cellular injury and carcino-
genic transformation of cells*.

The present study established the involvement of the tissue
and plasma prekallikreins expression in acute inflammatory
response. Moreover, it shows that tissue and plasma prekal-
likreins mRNA expression is modulated by irradiation using
LLLT. Together, our results suggest that LLLT is an alternative
therapy that inhibits the pro-inflammatory actions of kal-
likrein-kinin system at transcriptional levels. Furthermore, the
use of Real Time PCR to determine the LLLT impact on cellular
pathophysiology is highly recommended, since it combines the
clinical observations to basic research in a way to understand
the beneficial effects of the laser therapy.

Study limitations

As mRNAs are protein precursors, the amount of pre-
kallikreins mRNAs measured by quantitative PCR is the first
step of the importance of these peptides in several diseases
and inflammation, like it was shown in this study. However,
several mechanisms can silent or even destroy mRNA before
translation, what could cause an imbalance between mRNA
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and protein content. Further methods to establish protein ex-
pression are been conducted in our laboratory to answer these
questions. Other important limitation is that various studies
lack standardization of the LLLT protocols with enormous
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Future perspectives

As mentioned above, there is an enormous variation in
laser application parameters. Studies following the same pa-
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information is expected from groups treated with carrageenan
and laser irradiation after 3, 7 and 14-day protocols.
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