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Ágrip 

Sársauki af völdum bruna getur verið óbærileg upplifun, sem fer þá aðallega eftir stærð og dýpt 

brunasársins. Stórt annars stigs brunasár er mjög alvarlegur áverki sem er ýmsum vandkvæðum 

bundinn. Þörf er á að gefa stóra skammta af morfíní í æð til að lina sársaukann, sem hefur sínar 

aukaverkanir, m.a. öndurnarbælandi áhrif. Tilfelli hafa sýnt að lídókaín í æð getur haft kröftug 

sársaukadeyfandi áhrif í sjúklingum með alvarlegan annars stigs bruna og minnkaða þörf á morfíni. 

Ekki er vitað hvernig þessi verkjastillandi áhrif lídókaíns er framkölluð, en sýnt hefur verið fram á að 

lídókaín getur haft víðtæk bólgueyðandi áhrif með því að draga úr myndun og áhrifum bólgumiðlara. 

Mikil losun verður á cytókínum í brunaskaða en cytókín eru þekkt fyrir að taka þátt í stjórnun 

ónæmissvarsins og geta haft bein eða óbein áhrif á sársaukaskyn. Því er áhugavert að skoða áhrif 

lídókaíns á bólguþætti í annars stigs brunatilfelli. Þá eru einnig vísbendingar um að 

sársaukaminnkandi áhrif lídókaíns gætu verið í miðtaugakerfinu, en ekki verður farið í það nánar hér.  

Blóðsýni voru tekin úr svæfðum brunasköðuðum rottum sem fengu lídókaín- eða saltlausn.  Annars 

stigs brunaskaði var framkallaður með því að dýfa aftari limum í 80°C heitt vatn í 10 sek. Styrkur 

bólguhvetjandi miðlara (IL-1β, IL-6, TNF-α, IL-8, and rCRAMP) sem taka þátt í upphafs bólgusvari, 

aðrir bólguhvetjandi miðlarar (IL-2, IL-5, IFN-γ) og bólguhamlandi miðlarar (IL-4, IL-10, IL-13) voru 

mældir í plasma. Auk þess var fylgst með áhrifum lídókaíns á hjartsláttartíðni og 

meðalslagæðaþrýsting.  

Helstu niðurstöður sýndu aukningu í upphafs bólguþáttum (TNF-α, IL-1β, and IL-6) 2 klst eftir 

brunaskaðann (p=0,007; p=0,007; p<0,001). Hinsvegar tókst ekki að sýna fram á marktæk áhrif af 

lídókaíni í þeim styrk sem prófaður var, hvorki á cytókínum, rCRAMP/LL-37, hjartsláttartíðni eða 

meðalslagæðaþrýstingi. 

Aukning í upphafs bólguþáttum við brunaskaðann gefur til kynna að brunamódelið henti til að 

skoða áhrif lídókaíns í æð í annars stigs bruna í rottum. Hinsvegar hafði lídókaín skammturinn 2.0 mg 

kg
-1 

bólus og 1 mg kg
-1

 klst
-1 

innflæði ekki marktæk áhrif á bólguþætti. Ekki er útilokað að skammtur 

lídókaíns hafi verið of lágur og frekari rannsóknir þarf til að útiloka þann möguleika.   
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Abstract 

Burn injury is one of the most severe form of trauma and can cause an unbearable pain sensation, 

which is difficult to manage and has generally been treated with large doses of opioids that can cause 

severe side effects, such as respiratory depression. Lidocaine given intravenously (iv.) has been 

shown to have analgesic effect and reduce pain sensation in burn injury patients and reduced opioid 

requirement. The analgesic effect of iv. lidocaine is poorly understood, but lidocaine has shown 

extensive anti-inflammatory effects by e.g. diminishing the formation and effects of inflammatory 

mediators. Burn injury causes the release of a large amount of cytokines which are known to be the 

main regulators of the immune response and can stimulate nociception directly and indirectly. Thus, it 

is interesting to study the effects of lidocaine on pro- and anti-inflammatory cytokines in second 

degree burn injury. That might give insight into some of its analgesic properties. In addition, there is 

evidence that the effects might be centrally mediated as well, but that is beyond the scope of this 

study.  

In this study, blood samples were collected from anaesthetized second degree burn injured rats, 

receiving randomized treatment of either iv. lidocaine or saline infusion. The injury was induced by 

immersing the hind limbs into 80°C hot water for 10 sec. Concentration of acute pro-inflammatory (IL-

1β, IL-6, TNF-α, IL-8, and rCRAMP/LL-37), other pro-inflammatory (IL-2, IL-5, IFN-γ), and anti-

inflammatory (IL-4, IL-10, IL-13) mediators were measured in plasma. In addition, heart rate (HR) and 

mean arterial pressure (MAP) were recorded during the experiment. 

The results show a significant increase in the levels of TNF-α, IL-1β, and IL-6 (p=0.007; p=0.007; 

p<0.001, respectively) in plasma, 2 hours after the burn injury. However, there were no significant 

effects of i.v. lidocaine on cytokine levels, rCRAMP/LL-37 level, HR or MAP.  

Increase in the levels of acute inflammatory cytokines suggests that the burn model was effective, 

and can be used to study the effect of lidocaine (iv.) in second-degree burn injury in rats. However, the 

iv. lidocaine dose, 2.0 mg kg
-1

 bolus followed by 1 mg kg
-1

 h
-1

 infusion for 60 min, failed to show any 

significant effects on inflammatory factors or circulation. There is a possibility that the dose might be 

too low to induce a detectible effect, and therefore further studies are required.  
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1 Introduction 

Acute burn injury pain can be a source of immense suffering (1). Several analgesic drugs are available, 

depending on the severity of pain being experienced. Non-steroidal anti-inflammatory drugs like 

ibuprofen and paracetamol are used for pain management in minor burns or as adjuncts to opioids in 

major burns (2). For centuries, opioids have been used successfully for the treatment of severe pain 

following trauma but high doses may lead to severe complications, such as respiratory depression and in 

some cases addiction (3). Case studies have shown that intravenous (iv.) lidocaine can relieve the 

severe pain in major burn injury patients (4). In 1998, following a major fire in a discotheque in 

Gothenburg, an 18 year old boy suffering from a severe burn injury was treated with iv. lidocaine for 48 

hours postburn. This was done because of the shortage of respirators due to the number of victims from 

the fire catastrophe. The patient reported no pain and did not require additional analgesics during the 

period of the lidocaine treatment. After he was transferred to another hospital, lidocaine infusion was 

discontinued and a morphine treatment initiated. During the next 10 days his analgesic requirements 

ranged from 200-600 mg morphine per day, initiating the need of a respirator (5). This and other case 

studies (4-6) thus indicate that iv. lidocaine can be effective in treating burn injury pain, but fear of toxicity 

by using systemic lidocaine seems to have limited its use (2, 7). The mechanism behind the analgesic 

effects of iv. lidocaine infusion is not known and it is not likely that the well-known cation-channel 

blocking properties of the local anesthetic are important in such systemic injection (8-10). 

To some extent, pain is induced as a result of the enhanced production and release of inflammatory 

mediators (11). Cytokines are known to be the main regulators of the immune system and numerous 

experiments provide evidence that pro-inflammatory cytokines induce or facilitate inflammatory as well 

as neuropathic pain and hyperalgesia (12). Therefore, it is interesting to see if changes in plasma 

cytokine levels could give insight into the effects of systemic administration of lidocaine, although central 

mechanisms may be important as well (10). The aims of this thesis are primarily to develop an effective 

burn model by inducing second degree burn on the hind limbs of anesthetized rats. Furthermore, to 

study the effect of lidocaine on selected cytokines, cathelicidin, and circulatory parameters (heart rate 

(HR) and mean arterial pressure (MAP)) in the anesthetized burn injured rat.  
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1.1 Innate immune response to burn 

Burn injury is initiated when heat stimuli destroys the physical barrier of the skin, providing 

microorganisms with an easy entry. The increased temperature (higher than 44°C) causes protein 

denaturation, disruption of cellular components (membrane, protein, organelles), and eventually cell 

death (13-15). The damaged tissue and invasion of bacteria trigger an immediate acute inflammatory 

reaction, which is regulated by inflammatory mediators. It is a cascade of events involving 

vasodilation, increased vascular permeability, as well as transmigration, activation, and chemotaxis of 

leukocytes (16) (Figure 1). Leukocytes are derived from hematopoietic stem cells that are produced in 

the bone marrow, they are constantly being produced but their production is increased in inflammation 

and infection. The inflammatory reaction is regulated by inflammatory mediators (e.g. cytokines, 

histamine, serotonin, bradykinin, nitric oxide (NO), eicosanoids, complement factors and substance P), 

which are produced and released by various types of cells, both immune and tissue cells, located at 

the injured and infected area (17).  

Symptoms of inflammation have been described as redness (rubor), heat (calor), swelling (tumor), 

pain (dolor), and altered function (functio laesa). Symptoms such as redness and heat appear with 

increased blood supply to the damaged area by vasodilation and increased vascular permeability. The 

symptoms are induced by vasoactive mediators (e.g. histamine, bradykinin, NO, and substance P). 

Increased vascular permeability allows fluid and larger molecules than usual to cross the capillaries 

into the injured area and generate swelling. Leukocytes such as neutrophils and monocytes are 

attracted to the site of infection and transmigrate out of the capillaries into the damaged tissue by 

chemotaxis and activation of adhesion molecules. There they can start phagocytosis (18).  

The first leukocytes to appear and transmigrate to the damaged tissues are neutrophils. 

Neutrophils have granules in their cytoplasm, where they store several inflammatory proteins, 

including large amount of cathelicidin. Cathelicidins are known to contain antimicrobial peptides and 

are widely distributed in tissues as they are expressed in epithelial cells and monocytes/macrophages 

(19). Its main function is to fight invaders but it also takes part in several other functions, such as 

chemotaxis (20, 21), induce release of histamines (22), participate in wound healing (23), induction of 

angiogenesis (24), induce release of proinflammatory cytokine (25), as well as modulation of the ATP 

receptor function (26) which has been implicated in inflammatory and neuropathic pain (27). 
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Figure 1. Tissue damage activates the innate immune response by different pathways. They 
induce the release of inflammatory mediators that act on the endothelial cells and 
result in vasodilation and increased permeability. Activation of adhesion molecules, 
priming of neutrophils, and chemotaxis lead to recruitment of neutrophils by crossing 
the post-capillary venules, ready to start phagocytosis. LPS, lipopolysaccharide; 
PMN, polymorphonuclear leukocytes (28). 

 

Cytokines are a family of over hundred different proteins (29) produced by local and migrating cells 

in the inflammatory response. They are the main communicators of the immune system, and act by 

binding to specific high-affinity cell surface receptors on the target cells. In some cases only a few 

receptors on a cell need to be activated to elicit an effect. The communicators activate a secondary 

signal cascade that regulates transcription of number of cellular genes. Cytokines are both 

multifunctional and redundant and generally act at a short range, either paracrine or autocrine, with 

some entering the circulation via lymph or plasma (endocrine). The cytokine network is very complex 

(Figure 2). Various cytokines can be synthesized by the same cell, various cells can synthesize the 

same cytokine, different cytokines can have similar function, and one cell can have receptors for 

several cytokines. They can also stimulate expression and release of more cytokines (30), and in 

some cases they can overlap or have diverse function, depending on their concentration, the target 

cell and the presence of other cytokines and mediators. Therefore, their activities are tightly regulated, 
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by controlling the secretion and the expression of receptors. Thus, the information which a cell is 

exposed to depends on the pattern of cytokines bound to its cytokine receptors, but not by a single 

cytokine (31).  

The central role of cytokines is to regulate, amplify and control the duration of the immune 

response, as well as controlling the remodeling of tissues, e.g. after inflammation, infection, and 

wounding. Cytokines regulate the inflammatory response with pro-inflammatory and anti-inflammatory 

agents. The main functions of pro-inflammatory cytokines in acute response are activating leukocytes, 

up-regulating adhesion molecule expression, amplifying the release of reactive oxygen intermediates, 

NO, vasoactive amines, neuropeptides, as well as activating kinins and eicosanoids, which then 

regulate cytokine release (32). There are several cytokines known to play key roles in mediating acute 

inflammatory reactions, including interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor (TNF)-α (32). 

Inflammatory cytokines have been shown to work in sequence, where IL-1 is first to appear in 

systemic circulation in the inflammatory response after e.g. thermal injury, followed by IL-6 and TNF-α 

(33).  

 

 

Figure 2. Cytokines are synthesized and secreted by many different types of cells of the 
immune system, including e.g. B cells, T cells, macrophages, mast cells, neutrophils, 
basophils and eosinophils, where every cell type has a distinct role in the immune 
response, and communicates with other immune cells using secreted cytokines. 
Cytokines boost up and degrade the immune response (30). IL, interleukin; TNF, 
tumor necrosis factor; IFN, interferon. 

 

One class of cytokines, the chemokines, exhibit a specialized function in inflammation and repair. 

They have a major role in leukocytes trafficking, recruitment and activation (34). One such chemokine is 

IL-8 (also called CXCL8) plays a crucial role in acute inflammation by recruiting and activating 

neutrophils (35). Furthermore, IL-8 increases the production of reactive oxygen intermediates as well as 

participates in the release of granule enzymes of neutrophils (36, 37), and induces permeability of 
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endothelial cells (38, 39). Lipopolysaccharides (LPS) have been shown to induce massive elevation of 

IL-8 plasma levels, reaching maximal levels in 2 h following injection (40). Intradermal injection of IL-8 in 

rats or rabbits induced accumulation of neutrophils at 2-3 h after injection (41). Activated neutrophils 

have been observed in the circulation of burn patient shortly after burn injury (42). Plasma IL-8 has been 

seen to increase in concentration in relation to burn size (42). Of a particular interest are the cytokines 

IL-1, IL-6, IL-8, and TNF-α, for their involvement in the acute phase inflammatory response (32, 40). 

1.2 Pain 

Nociceptors are specific receptors on peripheral sensory neurons that are in normal condition only 

stimulated by pressures and temperatures extreme enough to be potentially harmful. These primary 

sensory neurons are mainly pseudo-unipolar, with their cell bodies located in the dorsal root 

ganglions, and a central process extending into the dorsal horn synapsing on an ascending neuron. 

The peripheral (dendritic) axon branches into the skin, muscles, blood vessels and internal organs. 

Axon terminals detect noxious stimuli and convey signals to higher brain center, where pain feeling is 

sensed (43). Nociceptive fibers can be activated by inflammatory acidic environment, heat, pressure, 

inflammatory mediators, and other chemical factors. Environmental stimuli, such as extreme heat, 

cold, and mechanical deformation, can only be detected by the peripheral terminals, but both terminals 

can be affected by endogenous molecules that enhance nociceptor sensitivity, such as by pH, 

prostaglandin, and neurotransmitters peptides (44). At the injured and infected area, inflammatory 

mediators, such as protons, ATP, bradykinin, prostaglandin, and cytokines, are released and cause 

enhanced response of nociceptors by lowering the action potential threshold and thereby enhance 

pain sensation (44, 45). In addition, neuropeptides such as substance P and calcitonin gene related 

peptide that are released via axon reflexes following tissue injury can sensitize or stimulate 

nociceptors (46, 47).  

There are two major classes of nociceptive fibers: Aδ and C fiber, classified by its morphology and 

function. Aδ fibers have a medium diameter myelinated afferents that mediate acute, well-localized 

fast pain. Most nociceptors are C fibers, which have unmyelinated, small diameter axons and convey 

slow pain (43, 44). These fibers can be subdivided further depending on their reaction to stimuli. 

Nociceptors can also be divided by expression of channels; sensitive to heat, (the transient receptor 

potential cation channel subfamily V member 1 (TRPV1) also known as the capsaicin receptor), cold 

(transient receptor potential cation channel subfamily M member 8 (TRPM8) also known as the 

menthol receptor), acidic (acid-sensing Ion channels (ASICs)), and chemical irritants (transient 

receptor potential cation channel, subfamily A member 1 (TRPA1)).  
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Figure 3. Environmental stimuli or inflammatory agents trigger action potentials by activating 
various receptors on nociceptive fibers. The signal travels to the dorsal horn of the 
spinal cord, where interneurons GABAergic/glycinergic- and enkephalinergic neurons 
can suppress, and astrocytes and microglia can enhance the signal, before it travels 
to higher centers of the brain, where pain is felt. a) Showing examples of receptors 
and ion channels in the dorsal horn that are activated by excitatory mediators 
released by activated glial cell following nerve injury. b) Pain transduction after tissue 
injury. Inflammation leads to release of numerous chemicals from various cells e.g. 
mast cells, macrophages, and injured cells that act directly or indirectly to sensitize 
receptors and ion channels on peripheral nerve terminals. These receptors release 
secondary messengers such as protein kinase A (PKA) and PKC that can activate 
other membrane bound receptors and gene transcription. A2, adenosine A2 receptor; 
ASIC, acid-sensing channels; B1/2, bradykinin receptors 1 and 2; CNS, central 
nervous system; EAAs, excitatory amino acids; EP, prostaglandin E receptor; GABA, 
γ-aminobutyric acid; GIRK, G-protein-coupled inwardly rectifying K

+
; H1, histamine H1 

receptor; 5-HT, 5-hydroxytryptamine; IL, interleukin; IL-1R, interleukin 1 receptor; M2, 
muscarinic M2 receptor; NO, nitric oxide; P2X3, purinergic receptor X3; PAF, platelet-
activating factor; PGs, prostaglandins; ROS, reactive oxygen species; TNF, tumor 
necrosis factor; TTXr, tetrodotoxin receptor; TrkA, tyrosine receptor kinase A (48).   
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Over the last decades evidence has accumulated that the release of several classic hyperalgesic 

mediators during acute and chronic inflammation is mediated by a cascade of cytokines produced by 

local or migrating cells (49, 50). Cytokines and their effects on pain have been intensely investigated. 

Several in vivo studies report that cytokines activate and sensitize pain fibers (51, 52). They have 

been shown to modulate receptors playing a key role in pain sensation on afferent nerve fibers, by up-

regulating inflammatory mediators, such as prostaglandins, nerve growth factor, bradykinin, and 

extracellular protons (12, 44). Furthermore, the direct effect of cytokines on nociceptors has also been 

described (51). However, little is yet known about the role of cytokines in burn injury pain (53). Other 

trauma injuries have been studied more deeply in relation to cytokine involvement in pain, such as 

surgery (54), where one study reports that reduction of pro-inflammatory cytokines by cytokine 

inhibitor in the pre-operative period resulted in less severe pain in the post-operative period (55). The 

main pro-inflammatory cytokines participating in the process of pathological pain are IL-1β, IL-6, and 

TNF-α, whereas the anti-inflammatory cytokines IL-4, IL-10 and IL-13 have been shown to have 

analgesic properties, by preventing or diminishing the effects of the pro-inflammatory cytokines (12, 

30, 56).  

Cunha and Ferreira (56) concluded in their review that cascade of inflammatory cytokines is 

induced by e.g. injury of local cells, and release of local inflammatory mediators, such as eicosanoids, 

amines, peptides and cytokines themselves. The release of these mediators induces hyperalgesia by 

sensitizing primary sensory neurons. The cytokine cascade can be initiated by the release of TNF-α 

from local cells, which in turn acts upon local or migrating cells which release IL-1β (through release of 

IL-6) and IL-8. These cytokines then induce eicosanoids formation and release of amines, 

respectively. Low dose of the endotoxin LPS indirectly releases TNF-α by activation of kinin system, 

while higher doses directly release TNF-α. IL-β can in some nociceptive models stimulate the release 

of nerve growth factor from mast cells, which indirectly causes hyperalgesia through leukotriene B4 

(LTB4). Analgesic cytokines or anti-inflammatory cytokines can reduce inflammatory hyperalgesia, as 

well as interleukin-1 receptor antagonist (IL-1RA) that are released later or together with the acute 

inflammatory response (49).  

1.3 Lidocaine 

Lidocaine is a well-known local anesthetic, originally derived from cocaine which was the first local 

anesthetic (LA) agent to be widely used. Its anesthetic effects were recognized by the lack of feeling 

and taste when placed on the tongue. In 1884, Carl Koller reported that cocaine caused insensitivity to 

pain of the corneas. The same year, William Halsted used it as a regional anesthesia in dentistry. 

Several harmful effects were observed with the use of cocaine, leading to development of other LAs, 

both ester and amide-based (57). Lidocaine is an amid-based agent derived in 1943 by a Swedish 

chemist, Nils Löfgren (58). Besides from being a known local anesthetic, it has also been used to treat 

certain ventricular arrhythmias (59, 60). 

The local anesthetic properties of lidocaine prevent action potential by blocking fast sodium 

channels and thereby prevent action potentials in sensory neurons. Lidocaine has an amphipathic 

structure, where one end of the molecule has a lipophilic aromatic ring structure and the other end a 
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hydrophilic amino group (Figure 4). It has an intermediate linkage that provides a separation between 

the lipophilic and hydrophilic end. It has a sufficient water solubility to avoid precipitation when injected 

into interstitial fluid, and is able to penetrate the hydrophobic nerve sheath and axolemma with 

satisfactory lipid solubility. Free base and charged acidic forms can block sodium channels (61).  

 

 

Figure 4. Lidocaine structure, one end of the molecule has a lipophilic aromatic ring and the 
other end a hydrophilic amino group. 

 

Intravenous lidocaine has been proposed to relieve different types of severe pain (62), such as 

neuropathic pain (63), postoperative pain (64-67), hyperalgesic pain (68), and chronic pain (69). 

Furthermore, lidocaine has been reported to shorten hospital stay (70, 71), promoting analgesia in 

surgical procedures (acute pain) (72), decreased symptoms of chronic inflammatory conditions, such 

as interstitial cystitis (73) and ulcerative proctitis (74). Thus, analgesic effect of lidocaine in these 

inflammatory diseases might therefore indicate that its pain relieving effect might be due to the anti-

inflammatory properties of lidocaine (6). However, these properties have not been well described, and 

since effects of lidocaine on sodium channels can in many cases be ruled out, researchers have 

pondered on the possible effects. Several mechanisms of LAs action on inflammatory cells have been 

proposed. It includes lidocaine interfering with cyclic adenosine monophosphate, G protein-coupled 

receptors, nicotinamide adenine dinucleotide phosphate, Na+-H+ exchanger, and protein kinase C 

(75). Furthermore, anti-inflammatory effect of lidocaine has been linked with inhibition of signaling 

pathways, such as mitogen activated protein kinase and nuclear factor kappa B (76-80).  

Lidocaine has gained interest as a potential drug for pain relieving in burn injury patients. Thus, 

systemic lidocaine has been reported to be effective in treating burn injury in numerous case studies 

and experimental studies where it improved the analgesic effect and diminished the requirement of 

opioid administration in burn injuries (5, 7, 10, 81). However, another study has failed to show its 

analgesic effect (82), which might be explained by the dose of the lidocaine.  

When lidocaine is given iv. the patient needs an effective dosage that rapidly produces therapeutic 

blood levels without causing toxicity. That usually involves a bolus dose followed by a steady infusion 

to maintain a certain plasma concentration. Safe and effective plasma level is considered 

approximately 2-6 µg ml
-1

, with a plasma elimination half-life of 1-2 h (59, 83-85), as lidocaine is 

metabolized rapidly by the liver (61, 86). Lidocaine can depress the central nervous system in a dose-

dependent manner. Low serum concentration is used clinically for suppressing cardiac dysrhythmias 

and status seizures, but higher concentration induces seizure activity. Therapeutic antiarrhythmic 
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effects in humans are normally within plasma concentration of 5 µg ml
-1

. However, lidocaine can 

generate seizure, coma, and death at higher levels, approximately 15-50 µg ml
-1

 (87). A state of 

chronic pain responded to iv. lidocaine at plasma concentration of 2-7 µg ml
-1

 (88, 89), and more 

recently chronic cancer pain has been treated for periods of several months with infusion of lidocaine, 

achieving plasma concentration of 3-15 µg ml
-1

 (90).  

In the last two decades lidocaine has been shown to interfere with various inflammatory processes 

(7, 91). Several studies both in vitro and in vivo have shown that lidocaine attenuated immune cell 

function, such as leukocytes mobility (92), adhesion and migration of leukocytes (7, 93), and activation 

and function of neutrophils (94, 95), as well as reduce granulocyte phagocytosis (96, 97). Studies 

have shown that lidocaine inhibits the release of eicosanoids, prostaglandin E1 (PGE1), PGE2, PGF2α, 

thromboxane A2 (TXA2), TXB2, PGI2, 6-keto-PGF1α and LTB4 (see review (7)). Furthermore, iv. 

lidocaine has been shown to inhibit expression of mucosal cyclooxygenase 2 (COX-2) enzyme in 

horses with ischemia-injured jejunum (98), but expressions of COX-2 enzymes is dramatically 

increased in inflamed tissues. Additionally, nonsteroidal anti-inflammatory drugs like aspirin are known 

to act through inhibition of COX enzymes (99). Furthermore, iv. lidocaine inhibits the release of 

histamine from mast cells (100), and affect the free radical production by decreasing NO synthase 

expression through suppressing the activation of its transcriptional factor (101). Therefore, it can be 

said that lidocaine has an antioxidant effect. Moreover, in in vitro studies, lidocaine has been found to 

inhibit the release of cytokines, such as IL-1, from human leukocytes activated by LPS and zymosan 

(93), inhibit IL-8 and IL-1β secretion, both in non-stimulated and TNF-α-stimulated epithelial cell lines, 

and stimulate the release of the anti-inflammatory agent IL-1RA (102). Moreover, lidocaine decreased 

cell injury induced by cytokines (IL-1β TNF-α, and INF-γ), both in vascular smooth muscle cells and 

human microvascular endothelial cells, and increased cell survival in both cell types (103). In vivo 

studies on lidocaine also reported inhibition of cytokine release, such as IL-1β and TNF-α, after 

hyperoxia-induced acute lung injury in rabbits (104). In addition, lidocaine up-regulated the 

antimicrobial peptide CRAMP (cathelicidin) in mice with zymosan-induced peritonitis (105).  

When taken together, in the view of the complex functions of cytokines and their role in 

inflammatory responses and nociception, as well as the documented effect of lidocaine on 

inflammatory processes, it is possible that the observed analgesic effect of iv. lidocaine in second-

degree burn injury may be related to changes in pro-inflammatory and anti-inflammatory agents.   

 



  

20 

2 Aims of the study 

In view of the apparent pain-relieving effect of iv. lidocaine after severe burn injury in humans and its 

documented effects on inflammatory responses, we ran our experiments to evaluate the effects of 

lidocaine on plasma cytokines in a second degree burn model in anesthetized rats. Thus, we were 

interested in: 

1. developing a burn model to study the effect of lidocaine on different factors that might 

explain its analgesic effect.  

2. determining whether iv. lidocaine has an effect on changes in plasma levels of pro- and 

anti-inflammatory cytokines in the model that could give insight in the proposed analgesic 

effect of the drug in burn injury. 

3. determining whether lidocaine (iv.) has an effect on HR and MAP in the model.  
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3 Materials and methods 

All animal procedures were approved by the Experimental Animal Committee, Ministry for the 

Environment in Iceland (Licence number: 0312-1501). 

3.1 Experimental animals 

Male Wistar Han® rats (Taconic Europe, Ejby, Denmark) weighing 300-450 g were used throughout 

the study. Upon arrival rats were acclimatized for at least 7 days before used in the experiments. They 

were housed three to five per cage in a controlled environment; temperature 22-26°C, humidity 45-

65% and a reversed light/dark cycle 12/12 hours. All rats had free access to dry food (RMI (E) rat food 

from SDS (Special Diets Services), Essex, England) and drinking water, until anesthetized. 

3.2 Anesthesia and basal surgical preparation 

Anesthesia was induced with methohexital sodium (Brevimytal®, Hikma Farmacêutica S.a., Estrada 

do Rio da Mó, Terrugem, Portugal), 70 mg kg
-1

, intraperitoneal injection (ip.), and maintained with 

thiobarbital (Inactin®, Sigma Aldrich Co., St. Louis, MO, USA) 166 mg kg
-1

, ip. injection. Rectal 

temperature was continuously monitored and maintained at 38°C by a heating plate. The animals 

were prepared with catheters in the tail artery (PE25), connected to pressure sensor for measuring 

blood pressure and heart rate, recorded in LabChart (AD Instruments Ltd, Oxford, UK), and a constant 

infusion of 0.9% saline (1 mL h
-1

 of 9.7 g NaCl L
-1

 solution). The animals were tracheotomized 

(PE240), for easy breathing, and vena jugularis externa was catheterized (PE25) for blood sampling 

and iv. injections.  

The choice of the anesthetic agent, Inactin, was based on its extended and stable anesthesia, with 

a minimal change in basal mean arterial pressure, heart rate, and renal sympathetic nerve activity 

(106, 107). 

3.3 Experimental procedure 

Following preparation, at least one hour recover period was allowed. At the end of that period control 

recordings were made for 15 min. Then, to induce a secondary degree burn and inflammatory 

response, the animals were scalded by immersing the hind paws into 80°C hot water for 10 sec. Just 

before scalding, anesthesia was enhanced with 0.05 mL 1.5% w/v Brevimytal bolus iv. Following 

scalding, 60 minutes were allowed before the first blood sample. The animals were first injected with 

iv. heparin (Heparin, Leo Pharma A/S, Ballerup, Denmark) 100 AE/300 g. Then, 1 mL of blood was 

collected from the venous catheter and replaced with an equal amount of 0.9% saline solution. 

Following this, the animals received a random treatment, either lidocaine as a bolus (2 mg kg
–1

) 

followed by an infusion (1 mg kg
-1 

h
-1

) or 0.9% saline solution, all iv. After 60 min infusion the second 

blood sample was collected (2-4 mL).  

After each experiment, the animal was decapitated in a guillotine, head and right hind limb were 

immediately frozen (N2) and stored at -80°C for further research. Blood samples were kept on ice, 

centrifuged (5000 rpm for 10 min) and plasma samples were frozen and kept at -80°C until analyzed.  
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3.4 Analysis 

3.4.1 Multiplex cytokine assay 

Plasma samples were transferred to Gothenburg, Sweden and stored there at -80°C until analyzed. 

MSD® Multi-spot assay system was used to measure pro- and anti-inflammatory cytokines (IFN-γ, IL-

1β, IL-10, IL-13, IL-2, IL-4, IL-5, IL-6, KC/GRO (keratinocyte chemoattractant/growth-related 

oncogene, the rat homologue for IL-8) (108, 109) and TNF-α) according to the manufacturer’s 

instructions (Meso Scale Discovery (MSD®), Rockville, MD, USA).   

MSD MULTI-SPOT cytokine assay with 96 wells and 10-spot plate was used. Each plate contained 

10 spots and each spot had a capture antibody for a particular cytokine assay. The assays are 

independent of one another and each is optimized for maximum performance in detecting the 

particular cytokine. 

Reagents were prepared according to the manual instructions (Pro-inflammatory Panel 1 (rat) Kits, 

MSD® Multi-Spot Assay system). The plate was pre-coated with capture antibodies and needed no 

additional preparation. Blocker was added (150 µL/ well) and the plate sealed and incubated at room 

temperature with shaking for an hour. Blocking prevents nonspecific binding and thereby reduces 

background. Next step was washing the plates 3 times with at least 150 µL/well of wash buffer and 

adding the prepared diluted samples, calibrator, and control (50 µL/well). The plate was then sealed 

and incubated at room temperature with shaking for 2 hours. Again the plate was washed 3 times as 

before. Detection antibody solution was added (25 µL/well), and the plate sealed and incubated at 

room temperature with shaking for 2 hours. The plate was washed 3 times as before before adding 

150 µL of 2X Read Buffer to each well. Finally, the plate was analysed in the MSD instrument.  

3.4.2 Western blot 

Western blot analysis was used for measuring rCRAMP plasma concentration. The protein 

concentration was determined by measuring optical density in a photo-spectrometer, with Bradford 

protein assay (110). Reagents were prepared according to NuPAGE® Bis-Tris Mini Gel 

electrophoresis protocol (Thermo Fisher Scientific Inc., Waltham, MA, USA). Samples and the 

rCRAMP positive control were electrophoresed on 4-12% gradient SDS-PAGE gels for 60 min at 120 

V. Proteins were blotted onto a nitrocellulose membrane (with 0.2 µm pore size for low molecular 

weight proteins) for 70 min at a 25 V. After transfer, the membrane was washed with phosphate buffer 

saline containing 0.05% Tween (PBST) and incubated in a blocking buffer (PBST, 5% non-fat dry milk) 

for 1 hour with shaking at room temperature. Following blocking, membrane was washed with PBST 

before incubating with primary antibody (1:3500 rCRAMP, diluted in 2.5% milk (PBST, 2.5% non-fat 

dry milk)) overnight with shaking at 4°C.   

Next day the membrane was washed five times with PBST, before incubattion with horseradish 

peroxidase (HRP)-conjugated secondary antibody, diluted in 2.5% milk, for 1 hour with shaking at 

room temperature. The membrane was washed three times with PBST and once with water before 

adding the detection reagent. The detection reagent activated the HRP-conjugated secondary 
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antibody, which generated light that was captured with a digital image of a chemiluminescence 

(ImageQuant™ LAS 4000, GE Healthcare Bio-Sciences AB, Björkgatan, Uppsala, Sweden).  

Nitrocellulose membrane was stained with Ponceau S dye for loading control. Neither creatine nor 

albumin could be used as a loading control, since lidocaine affects their concentration (111, 112). 

Densitometric analysis of the blots was done by using Image Quant TL software (GE Healthcare Bio-

Sciences AB, Björkgatan, Uppsala, Sweden). 

3.4.3 Blood pressure and heart rate 

Effects of treatments on MAP and HR were analyzed. Mean values for each parameter were 

calculated from 30s periods in the Lab Chart records, just before blood samples were collected. 

3.4.4 Statistical evaluation 

Data are presented as mean ± standard error of the mean (SEM) for each treatment group. Two-way 

ANOVA for repeated measurements with Bonferroni post hoc test, was used to analyze factor effects 

within and between groups, as well as the interaction between factors, for cytokines, blood pressure 

and heart rate. An independent samples t-test was used to compare the levels of rCRAMP in plasma 

of burn injured rats between treatment groups. Effects were considered significant if p<0.05. All 

statistical tests were performed in SPSS. 
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4 Results 

4.1 Plasma levels of cytokines and rCRAMP 

The results of the cytokine measurements are presented in Tables 1, 2 and 3. Calculated changes of 

cytokines in the groups are presented in Tables A1, A2 and A3 (see appendix) and for rCRAMP in Fig. 

6. A great variation was observed in the plasma levels of both cytokines and rCRAMP. Statistical 

analysis showed a significant main time effect for TNF-α, IL-1β, and IL-6 (p=0.007, p=0.007, p<0.001, 

respectively; see Fig 5). Changes in other cytokines and rCramp (Fig 6) were not significant. The 

interaction between the time and group factors was not significant for any parameter and thus only 

main effects were analysed. 

 

Table 1. Plasma concentration of cytokines before and after saline treatment.  

Inflammatory mediators 
(ng/mL) 

Before SEM After SEM 

IFN-γ 97.4 4.8 90.7 2.5 

IL-10 441.5 13.8 444.5 14.5 

IL-13  95.0 2.3 95.2 1.7 

IL-1β  365.8 37.9 396.1 23.5 

IL-2  1491.7 47.8 1439.9 29.2 

IL-4  17.7 0.7 16.4 0.3 

IL-5  189.6 15.8 178.8 6.3 

IL-6  765.7 79.7 1695.2 462.1 

KC/GRO 6776.1 1393.6 7069.9 1315.5 

TNF-α 83.0 19.6 152.4 54.0 

The data are shown as mean ± SEM with n=16. 

 

Table 2. Plasma concentration of cytokines before and after lidocaine treatment. 

Inflammatory mediators 
(ng/mL) 

Before SEM After SEM 

IFN-γ 85.0 4.0 84.3 4.9 

IL-10 424.2 10.5 417.7 10.6 

IL-13 90.7 4.6 89.6 4.2 

IL-1β 293.9 20.8 397.4 28.9 

IL-2 1447.9 41.7 1497.2 28.8 

IL-4 16.3 0.5 16.4 0.5 

IL-5 180.0 8.9 191.4 11.2 

IL-6 774.9 88.0 1823.8 332.9 

KC/GRO 8540.3 2267.8 10429.4 2223.8 

TNF-α 60.4 10.7 144.5 38.8 

The data are shown as mean ± SEM with n=14. 
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Table 3. Change in plasma concentrations of cytokines for saline and lidocaine treatment 
before and after treatment (delta Δ).  

Inflammatory mediators 
(ng/mL) 

Saline 
Mean (n=16) 

SEM Lidocaine 
Mean (n=14) 

SEM 

ΔIFN-γ -6.7 4.8 -0.7 2.9 

ΔIL-10 3.0 19.5 -6.5 7.4 

ΔIL-13 0.2 2.8 -1.1 2.1 

ΔIL-1β 30.3 37.6 103.5 18.1 

ΔIL-2 -51.8 44.4 49.3 49.5 

ΔIL-4 -1.3 0.7 0.1 0.4 

ΔIL-5 -10.8 16.3 11.5 12.1 

ΔIL-6 929.5 372.3 1048.9 267.9 

ΔKC/GRO 293.8 728.6 1889.1 1515.8 

ΔTNF-α 69.4 34.3 84.1 38.3 

Data are expressed as mean difference in concentration (after-pre) ± SEM, with n=16 for saline group 

and n=14 for lidocaine group. 

 

 

Figure 5. Plasma concentration for selected cytokines in burn injured rats treated with either iv. 
saline or lidocaine. The main time effect for the increase in TNF-α, IL-1β, and IL-6 was 
significant (*p=0.007, *p=0.007, *p<0.001, respectively). The data are shown as mean ± 
SEM, n=16 and 14 in the saline and lidocaine groups, respectively. 
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Figure 6. Western blot analysis shows the level of rCRAMP (17 kDa) measured in plasma in 
burn injured rats treated with either iv. saline or lidocaine. An illustrated example of 
the blots and loading control (Ponceau S.) are shown. Bars represent percentage 
change between before and after treatment, in saline treated rats (n=15) and lidocaine 
treated rats (n=10). Data are expressed as mean ± SEM. Densitometric analysis of the 
blots were done by using Image Quant TL software.  



  

27 

4.2 Changes in blood pressure and heart rate  

Figure 7 shows HR and MAP just before blood samples were taken in the two treatment groups. There 

was a significant main group effect in HR (p=0.03) indicating lower HR in lidocaine treated animals. 

For MAP there was a significant main time effect (p<0.001) indicating lower MAP when the second 

blood sample was collected. However, the group*time interaction was not significant for either 

parameter indicating similar change in both groups (Table A3, see appendix). 

 

Table 4. HR and MAP before and after 60 min drug treatments.  

Mean Before 
infusion 1 

SEM After 
infusion 2 

SEM 

NaCl HR 
(bpm) 

404.1 9.7 403.2 7.0 

Lido HR 
(bpm) 

384.6 6.5 371.0 13.1 

NaCl MAP 
(mmHg) 

105.0 4.5 95.3 3.2 

Lido MAP 
(mmHg) 

100.5 3.5 94.4 2.2 

Data are expressed as mean ± SEM with n=16 for saline group and n=12 for lidocaine group. 

 

 

 

Figure 7. Heart rate (HR) and mean arterial pressure (MAP) measured at two time points, just 
before blood samples were collected. The first blood sample was taken 60 min after 
burn injury and the second sample 60 min later. Data are expressed as mean ± SEM, 
(NaCl n=16, Lido n=12), + p=0.03 main group effect. * p<0.001 main time effect. 
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5 Discussion 

The primary goal of this study was to develop a second-degree burn injury model in rats, which could 

be used to study the effects of iv. lidocaine on the inflammatory response. The results presented in 

this thesis indicate that the burn injury model was effective. This could be seen by an increase in 

plasma levels of the cytokines IL-1β, IL-6, and TNF-α, known to participate in early inflammatory 

response. 

The second goal was to examine changes in cytokine- and cathelicidin levels in plasma due to 

systemic administration of lidocaine (bolus dose of 2.0 mg kg
-1

 followed by an infusion of 1 mg kg
-1

 h
-1

 

for 60 min). No significant difference in changes in cytokines or rCRAMP concentration between saline 

and lidocaine treated rats were observed.   

The third goal was to examine possible effects of lidocaine treatment on HR and MAP. MAP 

showed a significant decrease in both treatment groups (p<0.001, time main effect), but no significant 

difference were observed between treatments. HR showed no significant changes in time, but was 

generally lower in the lidocaine treated animals (p=0.03, group main effect) without any significant 

interaction between the treatment factors (time*drug). Thus, it can be concluded that iv. lidocaine 

treatment did not have significant effect on HR and MAP in the anaesthetized burn injured rats. 

5.1 Validation of the burn model 

The extent of burn damage depends on both the temperature and the duration of its exposure. The 

first animal burn model for research was the boiling water burn model described by Mason and Walker 

over 40 years ago (113), where they reported that 10 sec exposure produced a full-thickness burn, 

and 3 sec a partial-thickness burn. This model has since been effectively used with some modulations, 

e.g. in studies on burn infection (114). One study used 90°C hot water for 6 sec to induce second-

degree burn injury on the back of the rats, first shaving the area that was burned (115). Another study 

used similar method by scalding the back in 70°C hot water for 12 sec to induce deep dermal burn 

(116). Another study induced second-degree injury by immersing one hind-paw into 70°C hot water for 

8 sec (117). Studies done by Wang S. et al. (118), found that minimum time for hind-paw immersion in 

rats, that is effective to produce a first, second, and third-degree burn injury in 85°C water were 4, 7, 

and 12 sec, respectively. In the present study, duration and temperature to obtain second degree 

burns were based on these results. Thus, it was assumed that by immersing both hind-legs of a rat 

into 80°C hot water for 10 sec, would be effective to obtain second-degree burn injury of the extent 

that changes in inflammatory agents could be detected in plasma.  

Second-degree burn injury induces a vigorous innate immune response, resulting in great increase 

in inflammatory mediators, such as cytokines. The cytokines are released by immune cells, such as 

macrophages, as well as by a variety of other cell types, such as endothelial cells located at site of 

injury. Extensive tissue injury may lead to the spillover of such mediators into the bloodstream (16). 

Early pro-inflammatory cytokines, such as IL-1β, IL-6 and TNF-α, are detectable in plasma after 

thermal injury in rats (33). Our results show a significant increase of these cytokines suggesting that 

our burn model probably is effective and can be used to study the effect of lidocaine (iv.) on 
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inflammatory mediators in second-degree burn injury in rats. However, this has to be further tested 

specifically.  

There were no significant changes in IL-8 concentration in this study although activated neutrophils 

have been observed in the circulation of burn patient shortly after burn injury (42). It is possible that it 

can be explained by the time factor or the extent of the burn injury. 

5.2 Effect of lidocaine on inflammatory cytokines 

Hyperalgesia induced by mechanical stimulation at site of injury, is the major source of severe pain after a 

burn injury (1). Burn causes tissue damage, which triggers an inflammatory cascade. Excessive release of 

inflammatory mediators, such as cytokines, can induce an activation of Aδ- and C- nociceptive fibers as 

well as maintenance of peripheral and central hyperalgesia (119). Lately, iv. lidocaine has been used to 

treat hyperalgesia and pain, such as acute and chronic neuropathic- and inflammatory pain (6, 63, 65) as 

well as pain from burn injury (4, 5). The mechanisms of the analgesic ability of iv. lidocaine are poorly 

understood, but both peripheral- and central nervous system effects have been proposed (90). Thus, 

lidocaine may depress conduction of Aδ- and C-fibers by interacting with receptors and ion channels, 

modulate inflammatory processes, as well as inhibit dorsal horn neuronal transmission, and/or modify the 

cerebral perception of pain (7, 62, 75, 91, 120, 121). In postoperative pain, analgesic effect of lidocaine 

may partly be due to blockade of fast voltage gated sodium channels on nociceptor nerve endings, which 

are sensitive to low doses of lidocaine, both in the dorsal horn of the spinal cord and in the dorsal root 

ganglion (122). Also, lidocaine blocks voltage-gated and voltage-independent potassium channels (123) as 

well as calcium channels (124) both directly and indirectly (125). Lidocaine interacts with a G protein-

coupled receptor, that modulates potassium and calcium channel function. However, a much greater 

concentration of lidocaine is necessary to block potassium and calcium channels than is needed for sodium 

channel blockade (123, 124).  

Cytokines have a major effect on the inflammatory processes and the release of various mediators in 

the inflammatory soup that can stimulate nociceptors and cause pain (30). Thus, cytokines can sensitize 

nociceptors directly as well as indirectly by triggering the release of more mediators sensitizing the 

nociceptors (126). As several studies, both in vitro and in vivo, have shown that lidocaine reduces the 

release of acute pro-inflammatory cytokines (93, 102, 104), as well as many inflammatory processes (7), 

our hypothesis is that systemic administration of lidocaine may decrease pro-inflammatory cytokines 

plasma levels in the acute inflammatory response, which could explain to some extent its apparent 

analgesic effect in severe burn injury. However, contrary to our hypothesis, iv. lidocaine in our burn model 

failed to show any significant effects on cytokine levels. This might be explained by the size of the dose 

which might not have been large enough to induce a detectible effect.  

It is well known that high systemic doses of lidocaine are toxic. Widespread sodium channel 

blockade in the body is obviously very dangerous and can induce seizures and cardiac arrest (87). 

Souza et al. (69) concluded from their studies of the analgesic effect of iv. lidocaine in chronic pain 

that it is not possible to uniformly specify the most effective and safe dose of iv. lidocaine for the 

treatment of neuropathic or musculoskeletal pain (69) and the same seems to be with burn injury pain. 

At least there is no information on the specific therapeutic concentration effective for treating severe 
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burn injury pain. The lidocaine doses used in studies differ widely, depending on the method of 

administration (75) as well as the type of the study. It has been shown that in order to achieve 

systemic antiarrhythmic effects after iv. administration of lidocaine in humans, its plasma level needs 

to be at least 0.5–5.0 µg mL
-1

, while concentration of lidocaine in plasma above 10 µg mL
-1

 can cause 

adverse effects (75). In vivo study in rabbits showed that iv. lidocaine with a bolus dose of 2 mg kg
-1

 

followed by 2 mg kg
-1

 h
-1

 infusion suppressed the elevation of IL-6 in plasma in hydrochloride acid 

induced acute lung injury (127). Another study in pigs showed that iv. lidocaine infusion of 1.5 mg kg
-1

 

h
-1 

during lung resection surgery attenuated TNF-α both locally and systemically (128). Cassuto et al. 

(129) reported that systemic administration of lidocaine in a bolus dose of 2 mg kg
-1

 followed by 

infusion of 10 µg kg
-1

 min
-1

 (0.6 mg kg
-1

 h
-1

) reduced albumin extravasation in burn injury rats. 

However, they failed to detect any effect at a lower dose of lidocaine with a bolus dose 2 mg kg
-1

 

followed by infusion of 5 µg kg
-1

 min
-1

 (0.3 mg kg
-1

 h
-1

). A case study by Cassuto et al. (5) in 18 year 

old male reported a complete relief of severe burn injury pain when receiving iv. lidocaine bolus dose 

of 75 mg (1.1 mg kg
-1

) followed by infusion of 3.4 mg kg
-1

 h
-1

. Another case study by Cassuto et al. (4) 

in 7 patients (4 female and 3 males) reported a significantly reduced pain score following 1 mg kg
-1

 

bolus dose and 40 µg kg
-1

 min
-1

 (2.4 mg kg
-1

 h
-1

) infusion. Furthermore, there is evidence that the 

duration of the exposure to lidocaine could be more important than the dose itself (130). Based on the 

relatively scarce information the therapeutic doses of lidocaine, we decided to begin our studies by 

testing the effects of iv. lidocaine in a dose of 2 mg kg
-1

 bolus followed by infusion of 1 mg kg
-1

 h
-1

 for 

60 min, which may have turned out to be too low. 

5.3 Effect of lidocaine on cathelicidin 

Cathelicidin is an antimicrobial peptide and has been shown to participate in several pro-inflammatory 

processes, such as the release of histamine (22) and being chemotactic factor for neutrophils, 

monocytes, mast cells and T cells (20). A study by Nan Chiang et al. (105) showed that lidocaine 

given intraperitoneally upregulated CRAMP in zymosan challenged mice. However, in the present 

study, systemic administration of lidocaine failed to show any changes on plasma levels of rCRAMP, 

thus indicating that iv. lidocaine may not have an effect on the release of cathelicidin in rats. 

5.4 Effect of lidocaine on HR and MAP 

Lidocaine is a class I cardiac antiarrhythmic drug, for the treatment of specific ventricular arrhythmias. 

It is administered systematically, achieving concentration levels of 1.4 – 6.0 µg mL
-1

 whole blood in 

humans (59). Lidocaine (iv.) has been shown to alter ion fluxes, reduce action potential duration and 

prolong the effective refractory period in both purkinje fibers and ventricular muscle cells and thus 

suppress the automaticity of cardiac cells (59, 131). In addition, lidocaine has been shown to increase 

acetylcholine release in rats (120), which can reduce HR. The use of lidocaine to treat ventricular 

arrhythmias is well documented and has been given to a large number of patients during the past 

decades (132), where it appears that iv. lidocaine causes no, or minimal, decrease in HR and MAP 

(59). One study (131) in rabbits, showed a decrease in HR but no changes in MAP, with plasma 

concentration of 2.3 µg mL
-1

 while another study in rats (133) with a mean plasma concentration of 3.6 

µg mL
-1

, did not change MAP or HR. A pilot study by our group showed that iv. infusion of lidocaine in 
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unburned anesthetized rats, neither affected MAP nor HR (134). In the present study, we confirm that 

systemic infusion of moderate dose of lidocaine does not affect MAP or HR in anesthetized burn 

injured rats.  

5.5 Limitations of the study 

The rise in plasma levels of important cytokines in our model suggests that it may be valuable to study 

inflammatory mechanisms in burn injury. However, this has to be confirmed with a compatible study 

without inducing a burn injury. 

The dose of lidocaine tested in our study is comparable with those that have been reported 

successful in humans but since the basal metabolic rate in rats is much higher than in humans (135) 

there is a possibility that the dose tested may not have been high enough to induce detectible effects. 

Therefore, it would be interesting to test a higher dose of lidocaine in our model.  

Furthermore, to measure cytokines in plasma is a rather crude method and might not give a correct 

picture of the dynamics of local changes in damaged tissue. Therefore a possible extension of the 

present experiments would have been to analyze cytokines in a burn damaged tissue.  
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6 Conclusions 

Immersing of the hind limbs of anesthetized rats in 80°C hot water for 10 seconds appears to be a 

useful method to induce a second degree burn injury. The use of this model could give valuable 

information on the anti-inflammatory effects of iv. lidocaine in burn injury and thus, possibly, an insight 

into its analgesic effects after systemic administration. Moreover, this model could as well be used to 

study other factors and drugs in acute second degree burn injury in anesthetized rats. 
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Appendix 

 

Table A 1. The results of the statistical analysis of the plasma concentrations of cytokines 
following burn at the two time points (before and after treatment), between groups 
(lidocaine and saline group) and the interaction between treatments.  

cytokine factors F value df p value partial eta 
squared 

Observed 
power 

IFN-γ Group 3.5 (1. 28) 0.071 0.112 0.443 

 time 1.5 (1. 28)  0.237 0.050 0.215 

 time*group 1.0 (1. 28)  0.334 0.033 0.158 

IL-10 Group 2.5 (1. 28)  0.123 0.083 0.337 

 time 0.0 (1. 28)  0.880 0.001 0.052 

 time*group 0.2 (1. 28)  0.687 0.006 0.068 

IL-13  Group 1.4 (1. 28)  0.250 0.047 0.206 

 time 0.1 (1. 28)  0.817 0.002 0.056 

 time*group 0.1 (1. 28)  0.722 0.005 0.064 

IL-1β  Group 1.1 (1. 28)  0.311 0.037 0.169 

 time 8.6 (1. 28)  0.007* 0.236 0.809 

 time*group 2.6 (1. 28)  0.119 0.084 0.342 

IL-2  Group 0.0 (1. 28)  0.874 0.001 0.053 

 time 0.0 (1. 28)  0.970 0.000 0.050 

 time*group 2.2 (1. 28)  0.147 0.074 0.302 

IL-4  Group 1.3 (1. 28)  0.263 0.045 0.197 

 time 2.1 (1. 28)  0.162 0.069 0.284 

 time*group 2.8 (1. 28)  0.103 0.092 0.370 

IL-5  Group 0.0 (1. 28)  0.902 0.001 0.052 

 time 0.0 (1. 28)  0.974 0.000 0.050 

 time*group 1.1 (1. 28)  0.308 0.037 0.171 

IL-6  Group 0.0 (1. 28)  0.842 0.001 0.054 

 time 16.3 (1. 28)   0.001* 0.368 0.974 

 time*group 0.1 (1. 28)  0.809 0.002 0.056 

KC/GRO Group 1.1 (1. 28)  0.298 0.039 0.176 

 time 1.8 (1. 28)  0.194 0.060 0.251 

 time*group 0.9 (1. 28)  0.339 0.033 0.156 

TNF-α Group 0.1 (1. 28)  0.729 0.004 0.063 

 time 8.4 (1. 28)  0.007* 0.231 0.800 

 time*group 0.1 (1. 28)  0.783 0.003 0.058 

Data are expressed as statistical measurements, *p<0.05, two way ANOVA for repeated 

measurements, n=30. 
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Table A 2. Results of the ANOVA analysis of pro-inflammatory cytokines (IFN-γ, IL-1β, IL-2, IL-5, 
IL-6, KC/GRO, and TNF-α) and anti-inflammatory cytokines (IL-4, IL-10, and IL-13), 
respectively.  

cytokines factors F value df p value partial eta 
squared 

Observed 
power 

Pro-
inflammatory 

group 2.45 (1. 28) 0.129 0.08 0.327 

 time 6.81 (1. 28) 0.014* 0.196 0.712 

 time*group 1.29 (1. 28) 0.266 0.044 0.195 

Anti-
inflammatory 

group 0.94 (1. 28) 0.34 0.033 0.155 

 time 0.04 (1. 28) 0.835 0.002 0.055 

 time*group 0.12 (1. 28) 0.729 0.004 0.063 

*p<0.05, two way ANOVA for repeated measurements, n=30. 

 

 

Table A 3. Statistical analysis of heart rate and mean arterial pressure following burn injury. 
The effects within groups (before and after 60 min drug treatments), between groups 
(lidocaine and saline group), and interaction between time and group factors were 
analyzed.  

  factors F value df p value 
partial eta 
squared 

Observed 
power 

HR Group 5.26 (1.26) 0.03+ 0.168 0.598 

 
time 1.10 (1.26) 0.304 0.041 0.172 

 
time*Group 0.83 (1.26) 0.371 0.031 0.142 

MAP Group 0.31 (1.26) 0.582 0.012 0.084 

 
time 17.82 (1.26) 0.001* 0.407 0.982 

 
time*Group 0.96 (1.26) 0.336 0.036 0.157 

Data are expressed as statistical measurements, *P<0.05 main time effect, +P<0.05 main group 

effect, two-way ANOVA for repeated measurements, n=28. 


