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ABSTRACT 

The effect of thermal injury on plasma and tissue 
carnitine was studied by comparing the concentration of 
carnitine in scalded and uninjured rats over a time interval 
of 74 or ?8 hours post burn. The experiment which was in
itiated at 9:00 PM produced results which indicated that 
the plasma carnitine of the burned animals was significantly 
increased at 24 hours following burning. In the study 
begun at 3:00 PM, an increase in carnitine was found in 
the burned group at 6 hours post burno 

The reason for these findings is not known. It is pos
tulated that decreased body temperature immediately following 
a burn ( O to 2l~ hours post burn) may be related to the in
creased plasma carnitine concentration seen in the burned 
animals during the same time period. This may be involved 
with changes in free fatty acid metabolism during the recovery 
p~riod. It is also suggested that the overall variations in 
plasma carnitine from one assay to the next may be a manifesta
tion of any, or all, of a number of factors including: an effect 
of the anesthesia, stress produced by handling and/or loss 
of blood during sampling, the presence of a circadian carnitine 
cycle, or a change in eating habits. 
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INTRODUCTION AND LITERATURE REVIEW 

Many aspects of burn physiology and biochemistry 

represent novel areas of scientific investigation. Due 

to the relative paucity of information in a number of 

these areas and the complex nature of a burn, this type 

of injury remains an extremely difficult affliction to 

cure. Recent studies have produced statistics which show 

that the mortality rate after full thickness burns invol-

ving 50% and more of the body surface has not declined 

substantially during the last decade (Ramirez, A.T., et 

al, 1970). This situation exists in spite of the use of 

modern methods which control, to a greater extent than 

ever before, the electrolytes, colloids, nutrition, and 

infection following an extensive burn. 

Thus, the interest in burn research has shifted to 

the "late mortality" of unknown etiology which occurs in 

patients with extensive burns who have apparently respon

ded to burn therapyo These patients die 10 to 15 days fol

lowing the burn. The possibility that thermal injury to 

the skin causes the production of a toxic substance (or 

substances) responsible for this late burn disease has 

been periodically discussed (Allgower, Burri, ~t al, 1968). 

1 
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Disturbances in metabolism as a result of thermal injury 

have not been completely elucidated. The metabolic response 

to burn trauma may be, by some unknown mechanism, altered 

by the presence of the toxins in the blood which are elabor

ated by the burned skin. If the burn toxin exerts a contin

uous or lasting effect on one or more organs or tissues that 

are instrumental to the metabolic burn response to trauma, 

this may offer an explanation for the "late mortality". 

A number of organs are involved in the physiological 

response to a burn. Among the most important are the liver, 

heart and kidneys. The liver is involved in maintaining 

blood glucose levels by manifesting the effects of hormones 

on the utilization of body proteins and fatty acids. Fatty 

acid metabolism is facilitated by L-carnitine which is syn

thesized mainly in the liver and is rapidly transferred via 

the plasma to other tissues {Bohmer, 1974). Therefore, it 

would seem that increased energy requirements following injury 

may require an increased synthesis of carnitine by the liver. 

Since carnitine may be important in the metabolic re

sponse to burn trauma# this investigation will examine the 

effect of thermal injury on the blood plasma and tissue 

concentration of carnitine. Rats receiving a 20% body 

surface scald using a 100°c water bath will be utilized 
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as an animal model of thermal injury. 

PHYSIOLOGICAL RESPONSE TO BURNS 

I. Cardiovascular 

In the superficial, second-degree burn, there is a 

destruction of the outer layer of epidermis resulting in 

vasodilation and vascular occlusion of the arterioles and 

capillaries under the surface (Blocker, 1964). This causes 

a leakage of fluids into the area immediately underneath 

the burned skin. This fluid is composed,xa a large extent, 

of a solution which approximates the composition of serum. 

This loss is uncontrollable and rapid. The predominant 

losses from the body are salt, water and plasma proteins 

(Crews, 1967). 

There is an increase in blood viscosity along with 

the loss of fluids and plasma proteins which occurs with

out a corresponding red cell loss. Hyponatremia also o~curs. 

Dehyd_ration produces decreased. blood volume, which_ causes 

a decrease in venous return. As venous return decreases, 

cardiac output also decreases and there is a resultant 

drop in blood pressure. This manifests itself as a gen

eral hypoxia and metabolic acidosis. The physiological 

response to this hypoxia, metabolic acidosis, and decreased 

blood pressure is a compensatory increase in heart rate, 
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ventillation and the onset of vasoconstriction (Blocker, 

1964). 

II. Endocrine response 

Some endocrine effects of burn trauma have been 

studied in detail. Young,et al, (1957) found that glu

cose utilization in normal rat diaphragm incubated in plasma 

from burned rats was inhibited by epinephrine. This effect 

was not observed when the tissue was incubated in normal 

serum~ 

Severe thermal injury has been determined to be 

associated with sustained increased plasma levels of bio

logically active cortisol (Wise, L., et al, 1972)e 

Stress hormones (corticoids) are protective during the 

initial shock period, however, once adequate treatment 

is started they may cause an adverse effect. This is due 

to the catabolic nature of the corticoids which enhance 

gluconeogenesis at the expense of body proteins. The en

suing result of an increased concentration of corticoids 

is an increase in blood glucose with an associated negative 

nitrogen balance (Crews, 1967). 

III. Metabolic response 

A. Increased energy requirements 

During the convalescent period following a burn, the 
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metabolic machinery of the body must make drastic adjust

ments to allow for the repair of damaged tissues. In ad

dition, loss of' the cutaneous vapor barrier resulting in 

uncontrolled heat and water loss creates an increased 

demand for oxygen and energy substrates. Hypermetabolism 

occurs and the hypoxia, which is also caused by loss of 

fluids (Blocker, 1964), is exacerbated. Resting oxygen 

demands may increase as much as 40-100% above normal in 

contrast to increases of 20-50% in other types of trauma 

(Kinney, 1970). The decrease in available oxygen may 

result in incomplete oxidation of carbohydrates in the 

tricarboxylic acid cycle. This creates a further increase 

in demand for carbohydrates and other energy substrates, 

and results in an increased catabolism of both fat and 

protein. 

B. Gluconeogenesis and nitrogen balance 

From the initial stage of the burn, there is a marked 

c~tabolism with negative nitrogen balance. This continues 

until the', patient is skin grafted (Blocker, 1964). There 

are many explanations for this occurrence, including cal

oric loss from evaporation, hypermetabolism, adrenal cor

tical hyperfunction, obvious needs for reparative processes 

and combating infection. 

The physiological state of an individual following 
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trauma is marked by hyperinsulinemia, hyperglycemia, un

changed or elevated glucose utilization, and excessive 

proteolysis. These effects are produced because the cells 

of the body become less sensitive to the normal effect of 

insulin which is to promote the cellular uptake and meta

bolic utilization of glucose. 

Increased energy requirements after injury are met 

by a turning of the body to protein and fat as additional 

energy sources. Patients who have sustained major thermal 

injury exhibit nitrogen excretion rates of 4-10 grams/day 

above normal. This 50-100% increase is in the form of 

~itrogen excreted from the kidneys and aiso from the burned 

skin (Blocker, 1964). Since injury does not interfere 

with either the mobilization or utilization of free fatty 

acids as an energy source (Birke, Carlson, and Liljedahl, 

1954), fatty acids are an important supplementary source 

of fuel. 

Glucone.ogenesis involves the synthesis of glucose 

and glycogen from lactate, pyruvate, glycerol and certain 

amino acids. The liver is the major site of gluconeogesis 

but the kidney becomes an important site during starvation. 

Several functions are performed by gluconeogenesis. 

First is the provision of a source of glucose during fast

ing. This glucose originates from the catabolism of pro-
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tein and represents the mechanism by which protein be

comes available to peripheral tissue as a metabolic fuel. 

Another function is the re-utilization of lactate and gly

cerol produced in small quantities under basal conditions 

and in increased amounts during exercise and heightened 

sympathetic activity. Third is the provision of NHJ 

in the kidney to neutralize acidosis during conditions 

such as starvation. Finally, gluconeogenesis is respon

sible for the metabolism of certain amino acids absorbed 

from the alimentary tract or released during protein break

down in muscle and other tissues (Exton, 1972). 

C. Fat Metabolism.. 

The period following burn trauma represents a very 

critical time for the body's metabolic processes. There 

' ia a tremendous increase in demand for energy substrates 

due to the elevated metabolic rate, increased evaporative 

heat loss from the burned surface, and the demand for re

pair of damaged tissues. 

Two sources of substrate to meet these demands are 

glucose and fat. Glucose is made available through gluco

neogenesis (proteolysis). Caloric utilization studies 

show that protein metabolism normally contributes only 

about 12-15% of the total caloric requirement. This value 

increases by only about 5% following extensive injury a

ssociated with major nitrogen losses (Duke, et al, 1970). 
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This inability to utilize glucose (from gluconeogenesis) 

to a greater extent is probably due to insulin resistance. 

The tissues (muscle) are less responsive to the insulin, 

which is present in greater than normal amounts, and there

fore do not increase their uptake of glucose in spite of 

the fact that there are sufficient quantities of glucose 

available. ( hyperglcemia). The reason for this phenomenon 

is unknown. Assuming that only a small percentage of the 

increased metabolic requirements are met by glucose, then 

the remaining requirement must be met by fat since the 

diet immediately following burn trauma consists of little, 

if any, protein. 

Birke, Carlson, and Liljedahl (1965) found that there 

is an initial elevation in the level of plasma free fatty 

acids in patients with compound third degree burns of 

from 2% to 85% of the body surface. This increase in free 

fatty acids occurs over a 24 hour interval following the 

burn~ with the highest concentration occurring at 24 hours 

post burn after which there is a return to normal levels. 

The magnitude and duration of this increase is correlated 

to the extent of the burn, with the most severe burns 

showing the greatest increaseo It also appears that the 

increased concentration of free fatty acids is due to an 

increased mobilization of free fatty acids from adipose 
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tissue. The two major factors which may be responsible for 

this mobilization are the deficiency of calories and the 

increased activity of the sympathetic nervous system. 

Carnitine is required for tissues to use the available 

fat which is in the form of free fatty acids in the blood. 

If the plasma concentration of carnitine is not adequate 

. ' _,_, -'-1 . .1 • + 1+. 
,:;o mee-:c ~c;ne grea l, y 1.ncreaseu energy requ1.reinen ... s resu ... ing 

from the burn and the associated insulin resistance, the 

tissues (or tissue) which demand the greatest increase in 

energ"\J supply may be damaged. Since it appears that the 

heart is the organ requiring the greatest increase in en

ergy supply, a relative decrease in carnitine may affect 

this organ first. Fukuda (1960) found that severe cases, 

on aµtopsy, showed a small heart after burning. Some cases 

showed epicardial petechiae. He also found active and 

passive conjestion, hemorrhages and an infiltration of 

cells in the interstitial tissue of the myocardium. 

Cardiovascular abnormalities such as decreased blood 

pressure and decreased circulating blood volume in other 

organs were also noted. From these results it is clear 

that a decrease in plasma carnitine could exert an effect 

on many tissues. in the body. 

Fatty acids are an important source of energy even 

in normal individualse In vertebrates, it is estimated that 
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fatty acid oxidation, under normal conditions, provides 

at least half of the oxidative energy in the liver, kid

neys, heart muscle and resting skeletal muscle. Vertebrate 

blood contains considerable amounts of triacylglycerols 

and phosphoglycerides and very small amounts of free fatty 

acids noncovalently bonded to the protein serum albumin, 

which serves to transport fatty acids. The latter are 

directly oxidized in such tissues as he.art and muscle 

(Lehninger, 1970. p.417)s 

Oxidation of fatty acids occurs exclusively in the 

mitochondria. Recent studies have demonstrated that there 

are three stages in the entry of fatty acids into mitochon

drial cytoplasm: 

1) The enzymatic esterification of the free fatty acid with 
extramitochondrial CoA, at the expense of ATP, which occurs 
in the outer membrane. 
2) The transfer of the fatty acyl groups from CoA to the 
carrier molecule carnitine, which carries it across the 
inner membrane. 
3) The transfer of the fatty acyl group from carnitine to 
intramitochondrial CoA (Lehninger, 1970. p.420). 

Following this activation step, the reactions of the fatty 

acid oxidation cycle take place in the inner compartment 

of mitochondria .. 

D. Carnitine 

Carnitine, (B-hydroxy-gamma-trimethylamino butyric acid 

(vitamin BT)) is present in many mammalian tissues. The 

highest concentrations exist in skeletal and heart muscle. 
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The lowest concentrations are found in the brain and liver 

(Marquis and Fritz, 1965). The immediate precursor of car

nitine in mammals is gamma-butyrobetaine, which is hydrox

ylated by an enzyme in the soluble phase of the liver (Lind

stedt, G. and Lindstedt, S., 1962; Lindstedt, G., 1967; 

Bremer, 1962). This enzyme, gamma-butyrobetaine hydroxyl

ase, is not present in muscle or kidney. These are tissues 

that contain large amounts of carnitine, and it is there

fore presumed that carnitine is synthesized in the liver 

and then transported to peripheral tissues. It is thought 

that some butyrobetaine and some carnitine come from the 

diet, but there is evidence for their active synthesis as 

well (Cederblad and Lindstedt, 1971). 

The activation of long-chain fatty acids to fatty 

acyl-coenzyme A occurs on microsomes, outside mitochondria. 

Mitochondrial membranes are impermeable to both acyl-CoA 

and coenzyme A itself. Acetylcarnitine, however, can be 

transported into the mitochondria and oxidized (Bressler, 

1970). Carnitine acetyltransferase seems to be localized 

exclusively in the mitochondria in several species (Been

akers and Henderson, 1967; Yates and Garland, 1970). But, 

presumably some enzyme is bound to the outside surface of 

a mitochondrion where long-chain fatty acylcarnitines are 

formed and then transported into the interior of the mito-
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chondrion. The acyl group of acylcarnitines cannot be me

tabolized directly and must be transacylated to an acyl

CoA before B-oxidation takes place within the mitochondrion: 

this function is attributed to an intramitochondrial carni

tine acyltransferase which seems to be bound to the inner 

membrane (Yates and Garland, 1970). 

The carniti~e content of serum represents the balanc~ 

between ingress and exit. Absorption from the gut and 

synthesis by the liver represent the major sources of supply 

with a possible contribution fr~m the peripheral tissues. 

Urinary excretion and uptake by peripheral tissues seem to 

be the major avenues of loss. Since tissue concentrations 

of carnitine exceed plasma content, active transport probably 

occurs ( DiMauro, 1973). 

In carnitine uptake experiments using rats, Lindstedt, 

G. and Lindstedt, s. (1961) found that the highest con

centration of carnitine was in heart muscle. The tissue 

with the next highest concentration was skeletal muscle. 

Since cardiac muscle is known to fill its energy require

ments largely by oxidation of fatty acids, it follows that 

carnitine must play a very important role in this tissue, 

especially under conditions of stress. 

The evidence suggests that carnitine is essential for 

the transport of long-chain fatty acids into mitochondria 
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and perhaps also for the transport of acetyl groups out 

of the mitochondria. Carnitine, however, is not necessary 

for the oxidative metabolism of medium-chain length fatty 

acids that permeate the mitochondrial membranes as free 

fatty acids and are activated in the same area of the mito

chondrion at which beta oxidation takes place (Fritz and 

Marquis, 1965). ~hus, a carni tine deficiency might :not 

create a pathological energy shortage under normal condi

tions, assuming an adequate supply of medium chain length 

fatty acids. On the other hand, vertebrate blood contains 

very small amounts of free fatty acids (including medium

chain length fatty acids) which can be directly oxidized 

in.such tissues as heart and muscle (Lehninger, 1970. p. 

417). Therefore, under conditions of stress, an energy 

shortage may occur as a result of a carnitine deficiency 

or because of relatively low concentrations of readily 

diffusable free fatty acids, 

Carnitine may play a crucial role in the ability of 

tissues to oxidize fat following a burn. During starvation, 

the level of carnitine in skeletal muscle more than doubles, 

but in dogs with sepsis and undergoing starvation simul

taneously there is no increase in carnitine levels. Since 

the period immediately following a burn (0-24 hours) essen

tially represents an interval of starvation (until the an-
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imal resumes consumption of food -or receives nourishment 

intravenously), an increase in plasma carnitine would be 

predicted here. In humans, sepsis alone is coupled with 

a decrease in carnitine levels (Border, et al, 1970). 

Bohmer. Rydning and Solberg (1974) found that the car

nitine concentration in.serum was normal in liver cirrhosis 

and in right sided heart failure with liver stasis. A mod

erate increase in serum carnitine was noted in two patients 

with severe progressive heart failure. It is hypothesized 

that similar increases may occur in extensively burned 

patients showing cardiac abnormalities such as those de

scribed by Fozzard, 1960; Blocker, 1964; Benaim, et al, 

1960; and Fukuda, 1960. 

IV. Toxic substances as a possible reason for metabolic 
changes 

A. Toxic substances 

The globulin fraction of burn serum has been found 

to contain abnormal serum proteins. The specific effects 

of this abnormal protein on the development of glucose in

tolerance, negative nitrogen balance, and insulin resis

tance are not known. Burn serum itself has been shown to 

decrease glucose uptake by the rat diaphragm (Young, Seraile, 

and Brown, 1957). 

Survival after human burns appears to be related to 

the extent of the body surface involved and the depth or 
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degree of the injury. But statistical evaluation has shown 

that the mortality rate is not a direct function of the 

percent of body surface injured. A plot of mortality rela

tive t~ the percent of the body surface burned produces a 

pattern that is characteristic of dose-mortality plots for 

toxic substances or drugs (Moyer and Butcher, 1967). This 

implicates the burn toxin as being a direct or indirect 

causative factor for certain cases of mortality following 

exposure to an extensive burn. 

The abnormal proteins are thought to cause a basic 

and generalized damage, ultimately responsible for the un

explained "late mortality" phenomenon associated with se

vere burns (Sevitt, 1966)._ In fact, extracts obtained· from 

serum, burn tissue, or blister content have been found to 

have toxic properties (Allgower, et al, 1973; Rosenthal, 

1965}. 

A lipid-protein complex having a lethal effect on re

cipient animals was isolated from mouse skin exposed to con

trolled thermal injury· by Allgower, Cueni, Stadtler, and 

Schoenenberger (1973). A similar but nontoxic compound was 

isolated from non-injured mouse skin by the same method. 

The toxic lipid-protein complex and the corresponding iso

lated product fromnormal skin were shown to have identical 

lipid (40%) and protein (60%) content. However, the densities 
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of the two compounds were different, with the toxic compound 

being more dense. The toxic activity was found to reside 

in the apoprotein with the lipid moiety contributing to the 

toxic activity to a certain extent. Chemical analysis sup

ports the hypothsis that the toxic compound consists of a 

polymerization product of a normally occurring, non-toxic 

membrane structural component. This toxin was shown to pos-

sess a specific antigenic property, protecting mice against 

the lethal effect of thermal burns. 

, Allgower, et al, {1973) also showed that if scalding 

was applied to the same extent as dry heat burns in vivo, 

the traumatized animals survived. This· .. was interpreted to 

support the hypothesis of a specific mechanism, involving 

water loss from the skin, being responsible for the toxin 

production. 

Using a different method (scalding excised human skin 

in vitro at 96°c for one minute rather than the in vivo 

scalding of mouse skin with water steam for 15 seconds used 

by Allgower, et al (1973)) Rosenthal, Hawley and Hakim (1972) 

isolated a toocic glycoprotein with antigenic properties. 

Clark electrode: studies on the oxygen consumption of homo

genates of rat hearts using this toxin suggest that the 

striated muscle of the myocardia may be the target tissue 

for the action of the toxic glycoprotein.. The mechanism of 
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this action of the toxic glycoprotein may involve inter

ference with the transport of long-chain fatty acids into 

mitochondria. 

B. Known effects of the toxin/sand burns 

According to Stenberg and Hegeman (1960), the biopsy 

specimens of livers from 30 rabbits burned 5%, 10% and 15% 

of body surface showed a moderate change in cell structure. 

The observed changes were more extensive and more numerous 

in animals with the larger burns. Benaim, Potter and Rap

paport (1960) found lesions, acute collapse of trabecullae 

and hepatocellular necrosis within 2! hours after burning. 

Similar findings were reported by Teplitz (1969); and Fukuda 

(196~). Blocker (1964) indicates that there is impairment 

of organs following extensive burns, particularly the liver 

and ~yocardium. This suggests that one of the effects of 

the toxic compound may be liver damage. Concentration of 

the toxin in the liver due to phagocytosis by the hepatic 

reticulo-endothelial system may hasten toxic damage to this 

organ. This hypothesis is supported by evidence obtained 

by Rittenbury (1970) that phagocytosis is inhibited in the 

lethal thermal injury in several species of animals and 

man. The mechanism of this inhibition is unknown but could 

involve damage to the liver by the toxic compound. 

Fozzard (1960) found that cardiac output decline occurs 



18 

experimentally in dogs within t5 minutes following a JO% 

body surface, full-thickness radiant heat burn. This de

crease precedes the fall in blood volume, suggesting car

diac insufficiency. Fozzard believes that a toxic factor 

could be the cause of this phenomenon. Autopsies of patients 

with severe burns (greater than JO% of body surface) have 

shown histological abnormalities in the myocardium. These 

include swelling of collagen fibers; vacuolization, hyalin

osis and myolosis of muscle fibers. The coronary arteries 

showed edematous swelling of the intima and media, and 
L\ " • vacoulizat1on and hemorrhages of muscle fibers (Fukuda, 

1960). 

Rosenthal, Hawley, and Hakim (1972) observed that in

noculation of mice with fatal doses of an isolated roxic 

factor from scalded normal human skin produced the most 

significa.Ylt pathology in the heart. Microscopic examination 

demonstrated muscle fiber degeneration and subendothelial 

and interstitial hemorrhages. Further examination with an 

electron microscope revealed morphological abnormalities 

in the mitochondria. These changes in morphology of mito

chondria may be related to a decreased utilization of fatty 

acids and tissue degeneration due to an inadequate energy 

supply to the tissues. 

In a later experiment, Hakim, et al (1973), demonstrated 
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a depressing effect of serwn from acute, thermally injured 

patients on the developed tension in rat papillary muscle 

contracting in response to electrical stimulation. This 

evidence supports the hypothesis that the toxin may affect 

the metabolic machinery of the cell by some mechanism which 

may involve interference with the utilization of long-chain 

fatty acids as an energy source. 

v. Statement of the problem 

The objective of this investigation was to determine 

the effect of a 20% body surface, full-thickness burn on 

the concentration of carnitihein plasma and certain tissues 

in the rat. It was anticipated that carnitine production 

by the liver would decrease as a result of thermal injury, 

or possibly as a manifestation of the toxic compound formed 

at the site of injury (asswning that a toxin was produced 

by scalding for 15 seconds), This would be observed as a 

decreased concentration of carnitine in the plasma and 

ultimately in the tissues. A relative decrease in plasma 

carnitine may result in a reduction in the body's ability 

to utilize long-chain fatty acids as an energy source. 

The magnitude of the effect of this reduction on body tissues 

would be, to a significant extent, related to the plasma 

concentration of glucose and the metabolic state and re-
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quirements of the specific tissue. 



MATERIALS AND METHODS 

The concentrations of L-carnitine in plasma, heart 

and liver were determined in rats following the admin

istration of a 20% body surface, full-thickness burn pro

duced ·by scai.ding groups o'f animals. in a 100°c wai:er bath·. 

These results were compared to corresponding values from 

control groups of rats during a post burn interval of 

from Oto 78 hours in nrner T.n n~T.erminP- thP- effP-rt nf 

the burn trauma on the level of plasma and tissue carni

tine. Carnitine was assayed by using a radiometric assay 

which utilized carnitine acetyltransferase and radioactively 

labeled acetyl-CoA, 

~. Application of Thermal Energy 

T\vo experiments were conducted exclusively on ·plasma 

samples to determine the concentration of plasma carnitine 

following the administration of a burn. Both experiments 

were performed under identical conditions except that the 

second experiment was started at 9;00 PM rather than at 

3:00 PM as in the first experiment. Experiment two also 

involved taking samples at six hour intervals while exper

iment one consisted of sampling at various intervals in an 

attempt to establish the existence of a time period in which 

21 
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the plasma carnitine values of the burned animals demon-

strated some variation from the plasma carnitine values 

of the control animals. 

Male Sprague Dawley rats weighing between 190 and 220 

grams were obtained from ARS (Madison, Wisconsin). Female 

Sprague Dawley rats were used for the experiment involving 

extraction of tissues. Thermal injury was applied under 

sodium pentobarbitol anesthesia (5mg/100g intraperitoneally. 

Hair was removed from the dorsum of the animal by 

shaving followed by application of a depilatory cream. 

The animal was placed on its back in an insulated pipette 

can (Walker and Mason, 1968) which had been modified to_ 

provide an ~n opening allowing exposure of approximately 

20% of the body surface. The apparatus was then partially 

immersed in a 100°c water bath for either 15 or 25 seconds. 

Immediately following injury, each animal received 5 ml of 

a Oe9% sterile ~aline solution intraperiton~ally. Control 

animals were treated in precisely the same manner as the 

scalded rats, including anesthesia and saline injection, 

except that their dorsum was not shaved. 

IIe Assay of Carnitine 

The methods which are currently used for the deter

mination of 1-carni tine are based on the reaction: 
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L-carnitine + acetyl-CoA ~ acetyl-L-carnitine + CoASH 

which is catalyzed by the enzyme carnitine acetyltransfer

ase. This reaction will rapidly attatn chemical equilibrium. 

However, the addition of dithionitrobenzoic acid (DTNB) 

(Bohmer, et al, 1974) to the incubation mixture will cause 

almost all of the carnitine to react because DTNB traps 

the CoASH which is formed {Maz:quis and Frit~, 1964). The 

method used in the present investigation (Cederblad and ": 

Lindstedt, 1972) does not utilize DTNB in the reaction mix

ture, but it would be advisable to use this modification 

in future assays because the formation of radioactive 

acetylcarnitine is proportional to the carnitine concentra

tion over a wider range when DTNB is used. In the assay 

procedure, the reaction mixture, following incubation, is 

mixed with the anion exchanger Dowex 2-X8 which retains 
- 14 ;-i unreacted~-- CJacetyl-CoA. The supernatant, after centri-

fugation, contains acetylcarni.tine formed in. the reaction 

and this can be quantitated using a liquid scintillation 

spectrometer. 

A. Collection of Plasma 

Heparinized capillary tubes (Fisher Scientific c., 

Pittsburg, Pennsylvania) were used to collect blood samples 

from the animalst tails from which the tips had been 

surgically removed immediately preceding the shaving pro-
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cedure. This method allowed the subsequent removal of clots 

formed at the tips of the tails and facilitated quick col

lection of' sa.rnples without the use of anesthesia. 

The collection procedure involved collecting samples 

first from each of the control rats and then from each of 

the animals in the burned group. Two capillary tubes were 

filled and centrifuged (International hematocrit centri-

fuge) per animal at each assay interval. These tubes were 

stored in a freezer (-20°c) until they were to be used for 

the assay 01· the plasma carni tine. Hematocri t values were 

read from these tubes prior to freezing. 

B. Collection of tissues 

Heart, liver and diaphragm were removed from different 

groups of female Sprague Dawley rats, each group consisting 

of three scalded animals and one control each weighing between 

190 and 220 grams~ This was performed at six hour intervals 

after simultaneous subjection of three rats from each of the 

six groups to a 100°c scald for 2.5 seconds. With the exception 

of the 2.5 second scald, the animals in this procedure were 

given the same treatment as those which were used for the 

collection of plasma samples. The experiment was begun at 

9 PM. The tissues were removed immediately after the appropriate 

animal was killed by fracture of the skull. The tissues,upon 

removal,were Jmmediately placed in ice cold water for .5 

minutes and rinsed. Following the detachment of extraneous 



25 

tissue and fat, the s~mples were placed in a freezer and 
stored at -70°c. (see addendum) 

CO' Extraction of plasma 

Plasma L-carnitine was determined using the method 
of Cederblad and Lindstedt (1972) with certain modifica
tions. Twenty pl of plasma was removed from each cap
illary tube using a microliter pipette to draw the plasma 
from the tube after it had been broken off at the cell
plasma interface. These samples of plasma were washed 
into pyrex disposable glass culture tubes (10x75 mm) 
containing 200 pl of water. 600 pl of o.6 M perchloric 
acid was then added to each tubee Blanks and standard 
solutions of DL-carnitine (Sigma Chemical, St. Louis, 
Missouri) were run in each series and were carried through 
the same procedure as the plasma extracts. The tubes 
were allowed to stand for 10 minutes and were then cen
trifuged at 5000 g for 2 minutes in a Sorvall superspeed 
refrigerated centrifuge (Ian Sorvall, Inc., Norwalk, Conn.). 
A 500 pl aliquot of the supernatant was transferred to a 
10 ~l pyrex beaker, in which a drop of a 0.1% alcoholic 
phenol red solution had been left to dry, and neutralized 
with 4 M potassium hydroxide which was added, with mixing, 
from a 50 µl Unimetrics micro-syringe (Unimetrics Universal 
Corporation, Anheim, Calif.). Parafilm ''M" was used to 
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cover the beakers which were then placed in ice water for 

JO minutes. The content of each tube was then transferred 

to fresh tubes and centrifuged as above. 

D. Extraction: of tissues 

Tissues were prepared according to Cederblad and 

Lindstedt (1972) with certain modifications. The tissues, 

which were stored in plastic bags, were removed from a 

-7o0 c freezer, weighed, and cut into small pieces. Each 

of the liver samples was:placed in a Dounce homogenizer 

containing the proper amount of ice-cold water (7.5 ml/~m 

tissue) and homogenized. The heart tissues were homogenized 

using a Potter-Elvehjem homogenizer as outlined by Ceder

blad and Lindstedt (1972). Samples of the homogenates 

were placed in 75 x 10 mm pyrex tubes, covered with Parfilm 

"M", and placed into ice water. The homogenates were kept 

in a -20°c freezer until they were to be assayed. 

A 250 pl aliquot of the homogenate was placed in a 

75 x 10 mm glass culture tube and mixed with 750 pl of 

o.6 M HC104• The tube was left for 10 minutes and then 

centrifuged at 1500 g for 10 minutes. A 100 µl sample of 

the supernatant was placed into 900 pl of o.6 M HClo4 and 

mixed. Half of this volume (500 µl) was transferred into 

10 ml glass beakers and neutralized utilizing the same 

method as the plasma assays The succeding steps were the 
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same as those outlined above for the plasma samples. Analysis 

for carnitine was done on 100 ul of the supernatant. (see addendum) 

Reagents 

~-14~Acetyl-coenzyme A was obtained from New England 

Nuclear Corporation, Boston, Mass., as an aqueous solution 

with a specific radioactivity of 48.6-61.0 mc/mM. Acetyl

coenzyme A (sodium salt, purity approximately 70%), Dowex 

2-X8 (200-400 mesh, Cl--form), and carnitine acetyltrans

ferase (acetyl-CoA: carnitine-0-acetyltransferase, EC 

2.J.1.7) as a. i..:ry;;:;ta.11..i..rn:: ;;:;u.;;:;}ltms..i..ua in J.2 M sodiwil sulfate 

solution (2 mg/ml, specific activity approximately 90 

U/mg) were obtained from Sigma Chemical Co., St. Louis, 

Mo •• DL-carnitine chloride was obtained from Eastman 

Kodak Co., Rochester, New York. 

A batch of stock solutions sufficient to run 500 

determinations was prepared and dividBd into plastic 

vials, each containing enough reagent for approximately 
1 

36 determinations. All of the solutions, with the exception 
0 of the potassiu.~ phosphate buffer, were stored at -20 C. 

Stock Solutions 

a. ~-14c] acetyl-CoA 

be Acetyl Co-A 

c. Potassium phosphate buffer 

d. DL-carnitine chloride 

4 µ.M ( o .. 2 uC/ml) 

0 • 0 1 ).,Uifl 

1 M, pH 6., 5 

800 )lM 
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e. Carnitine acetyltransferase 0.5 mg/ml 

Incubation 

Immediately prior to starting the analysis, 2 volumes 

of solution (a), 1 volume o,f solution (b) and 1 volume of 

solution (c) were mixed in a pyrex glass culture tube 

(10 x 75 mm). The incubations were carried out in clean 

pyrex glass culture tubes (10 x 75 mm). Each tube con

tained 100 ul of the above mixture and 100 pl of the solution 

to be analyzed. The enzymatic reaction was started by the 

addition of 20 pl of solution (e) and incubated for JO 

minutes at 37°c. 

Determination of Formed Acetylcarnitine 

Following the incubation period, 200 pl of the con

tent of each tube was put into pyrex glass culture tubes 

(10 x 75 mm) which contained 200 mg of Dowex 2-X8 in 

chloride form and 0.5 ml distilled, deionized water. These 

tubes were then covered with Parafilm "M" and mixed at low 

speed for 5 minutes on a Vortex test tube mixer. Following 

mixing, the tubes were removed from the mixer and centri

fuged at 5000g for 10 minutes. A 200 µl aliquot of the 

supernatant was added to 10 ml of scintillation fluid of 

the following composition: 1,4-bi's-2-(5-phenyloxazolyl) 

benzene, JO mg; 2,5-diphenyloxazole, 8 g; ethanol, 1600 ml; 
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and toluene, 2400 ml. The isotope content of the vials 

was determined in a liquid scintillation spectrometer 

(Tri Carb model 3320, Packard Instrument Co., Downers 

Grove, Ill.). 

Correction of Data 

All values of plasma carnitine concentration were 

corrected to account for the variation which occurred 

between assays. The correction factor was determined by 

using a stock plasma pool which was obtained by exanguinating 

one rat ann :=innin.g ~ small ;::tmount of' heparin to the blood. 

This blood was centrifuged to remove the cells and the 

plasma was stored at =20°c in covered plastic vials, each 

containing 50 pl of the plasma. Two samples of the stock 

plasma were assayed along with each set of standard solutions. 

The correction factor was calculated by using the mean 

carnitine concentration of the stock plasma from the first 

assay of the first experiment as the reference valuee Mean 

stock plasma carnitine values from succeeding experiments 

were each divided into this reference value (46.8 pmoles/1). 

The corrected plasma carnitine concentration for each 

animal was then obtained by multiplying the value of the 

uncorrected carnitine concentration corresponding to each 

rat by this quotient. 



RESULTS 

The effect of a 20% body surface scald on the plasma 

concentration of carnitine over a period of 74 or 78 hours 

is· 'shown in Figure 1 and 2. The experiment which was 

initiated at 9:00 PM (Tables 1 and 2) produced evidence 

that the .:plasma carni tine of the burned animals was sig

nificantly increased at 24 hours following burning (p~Oe05). 

Plasma carnitine concentrations of the burned animals were 

depressed a,.t 39 hour1:1 pqst bun1. This change was not 

significant (0.1~p~0.2) but may be of interest for further 

investigation. In the experiment begun at J:00 PM (Tables 

3 and 4) an increase in carnitine was depicted at 6 hours 

post burn in the burned group (p~o.05). This was the only 

point during this assay period of 78 hours at which the 

experimental group showed a significant difference from the 

control group. The plasma carnitine values were corrected 

and are therefore indicative of the carnitine concentrations 

with respect to the pooled plasma carnitine concentration 

which was obtained in the first assay of the first experiment. 

Corrections were performed in order to account for the var

iation between chemical assays done on different days by 

using the 'procedure outlined under methods. 

30 



Fie.:ure 1 
Plasma L-carnitine values obtained from plasma collected 
at specified intervals followiHg administration of thermal 
energy for 15 seconds in a 100 C water bath; o----0, control 
rats; v----v, burned rats. Data are means from six animals 
+ SEM. {experiment 1) 
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Figure 2 
Plasma L-carnitine values obtained from plasma collected 
at specified intervals followi~g administration of thermal 
energy for 15 seconds in a 100 C water bath; o----o, control 
rats; v----v, burned rats. Data are means from six animals 
+ SEM. (experiment 2) 
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Table 1 
Plasma carnitine values of control animals obtained from plasma collected at 
specifieg intervals following administration of thermal energy for 15 seconds 
in a 100 C water bath. (experiment 1) 

Hours post- Carnitine (micromoles/liter)a Mean carnitine of 
burn Uncorrected Corrected pooled plasmas (micromoles/liter)b 

0 .37,6±2.7 37,6.±,2,7 46.8 

12 65,1+L~.O 39,1.±,2,4 78.0 

2L1- so. 5+ 5.1 48.3.±3,1 
J,f, 

78.0 

39 JJ.8±.7,4 39,1+8,7 40,0 

48 56.8±2.8 56.8±2,8 46.8 

6J 47.1.:t.J.6 53. 7±.1-1-, 1 41.0 

7L1, 50.5+.3.1 57 I 6.:t.J O 5 41. O 

aCorrected values are calculated with respect to the percent difference 
between the mean pooled plasma value at time O and the mean value of the 
pooled plasma for the assay at each specified time interval. Data are 
means from six animals ±. SEl\'1, ( see text for explanation) 

bData are means from the assay of two identical pooled plasma samples. 
* o.02s.p<.o,05 

'u.l 
'u.l 



Table 2 
Plasma carnitine values of burned animals obtained from plasma collected at 
specifie5 intervals following administration of thermal energy for 15 seconds 
in a 100 C water bath.(experiment 1) 

Hours post- Carnitine (micromoles/liter) Mean carnitine of 
burn Uncorrected Correcteda pooled plasmas (micromoles/liter)b 

0 41. 3±.1. 8 41.Jj:1.8 46.B 

12 69.2.:t.6.7 41. 5+4. o 78.0 
* 24 101.7.::!.:6,7 61, Oj:4. 0 78,0 

39 20,0j:J.8 23.4+4.4 40,0 

48 44,3+6.6 44.J.:t.6.6 46.8 

63 52.8+5d9, 60.J+6e7 41.0 

74 48.8,±J,6 55,7+4.1 41.0 

aCorrected values are calculated with respect to the percent difference 
between the mean pooled plasma value at time O and the mean value of the 
pooled plasma for the assay at each specified interval. Data are means 
from six animals± SEM. (see text for explanation) 

bData are means from the assay of two identical pooled plasma samples. 
* 0, 02~p.s_O. 0 5 

l..,J 
-{::" 



Table J 
Plasma carnitine values of control animals obtained from plasma collected at 
specified intervals following adminisration of thermal energy for 15 seconds 
in a 100°c water bath. (experiment 2) 

Hours post- Carnitine (micromoles/liter) Mean carnitine of 
burn Uncorrected Corrected a pooled plasmas (micromoles/liter)b 

0 71 • J±.2. 7 53,5±.2,0 62.J 

6 69.2±_5.8 4 2 i} 52. 0±. • + 62.J 

12 59.2±.3,5 47.1±_2.8 I 58. O 

18 40. 0±_4 .1 J?.8±.J.J 58. O 

24 41. 9±_4. 7 28.5±_3.2 69.0 

JO 47,6±_2.9 32. 4±_1 • 9 69.0 

J6 45.4±_5.7 32. 2±.4. O 66.4 

42 56.8±_4.2 40.J±_J.O 66.4 

48 35,?±_J.9 24.5±.2,9 71. 2 

78 2 7, J±_J, 1+ 18.0±_2.2 71 • 2 

a 
Corrected values are calculated with respect to the percent difference 

between the mean pooled plasma value at time O and the mean value of the 
pooled plasma for the assay at each specified time interval. Data are 
means from six animals± SEM. (see text for explanation) 

~Data are means from the assay of two identical pooled plasma samples. 
O. O~p~O. 05 

I..,) 
v,. 



Table 4 
Plasma carni tine values of burned animals obtained from plafima collected at 
specifieg. intervals following.administration of thermal energy for.15 seconds 
in a 100 C water bath. (experiment 2) 

Hours post- Carnitine (micromoles/liter)a . Mean carnitine of b 
burn Uncorrected Corrected. pooled plasmas (micromoles/liter) 

0 68.0+1.8 51. 0,±1, 4 62.3 

6 BJ.8,±2.0 63.0,±1.5*· 62.3 

12 56.5+4.6 4 5. o.:!:J. 7 58.0 

18 44.9:t6.2 35.8+4.9 58,0 

24 36. 4.±5. 1 24.7,±3,3 69.0 

30 51. 5.±3. 4 35,0.:!:_2.J 69.0 

36 49.9+3.9 J0.5,±2.4 66.4 

42 53,4,±2.0 37,8,±1.4 66.4 

48 29.5+2.6 19.5+1.7 71.2 

78 25.8.±3,31 17.0+2.2 71.2 

aCorrected values are calculated with respe1ct to the percent difference 
between the mean pooled plasma value at time O and the mean value o·f the 
pooled plasma :for the assay at each specified interval. Data are means 
from six animals .±. SEM. ( see text for explana tia1n) 

bData are means from the assay of two identical pooled plasma samples, 

* 0,02fp$.0,05 

vJ 

°' 
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Results from both of these experiments indicate that 

the plasma carnitine values of the scalded and control rats 

follow the same general pattern. This pattern involves a 

post burn increase in the plasma carnitine of the burned 

animals o~er that of the controls followed by a decline in 

the mean plasma carnitine of the burned animals to a value 

tuations in plasma carnitine, the values for the control 

and scalded groups, within each experiment, appear to become 

synonymous. 

The time differential of changes in plasma carnitine 

following burning in the two experiments suggests that 

some other factor may modulate the observed carnitine change 

following scalding. The existence of biorhythms in plasma 

carnitine levels has not been investigated, but cyclic al

terations in plasma carnitine levels related to diurnal 

periodicity, feeding, and/or activity may exist which would 

modify the response to the scald. Evidence that in humans 

more carnitine is excreted during daily activity than dur

ing nocturnal sleep (Cederblad, ejj al, 1971) supports this 

hypothesis. In addition, handling of the animals during 

sample collection and the actual collection of blood may 

represent stresses in addition to the burning which might 

further modify an existing carnitine cycle and account for 
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the discrepancy in the time course observed in the two ex

periments. 

Weights were recorded at each sample interval to de

termine the effect of the burn on animal weight as a result 

of changed eating habits, excess water loss or gain and 

other factors produced by the exposure to this type of stress. 

The burn resulted in an overall decrease in weight gain by 

the experimental animals but no difference in rate of weight 

gain between the experimental and control groups was de

tected during the first 74 hours (Tables 5 and 6). 

A decrease in: weight gain Was expected in the experim-en

tal group following scalding as a result of increased energy 

requirements and decreased food intake. This was not ob

served. In metabolic studies, Duke, et al (1970) found 

that protein supplies only 20% of the resting metabolic 

requirement following massive soft tissue injury. Body fat 

stores are the only other major source of fuel from which 

the semi-starved animal can meet the increased demand for 

energy. Artz and Moncrief (1969) profess that fat losses 

in burn patients do not appear to cease when nitrogen balance 

becomes positive. Therefore, the continued weight gain in 

the experimental group, at approximately the same rate as 

the control group, could be attributed to continued protein 

storage. An alternative explanation is that the stress of 
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Table 5 
Weights of control and burned ra·ts measured at speci
fied intervals following admin~stration of thermal 
energy for 15 seconds in a 100 C water bath. ( experiment 1) 

Hours post- Control animals a Burned animals 
burn Mean weight (grams) Mean weight (grams)a 

0 206.0+3.9 200.7+3.5 

12 209.9+3.9 208.1+4.6 

24 207.6+4.5 ?Q".:! ? .. LL Q ,,__ .-,1•..,..:_•ou 

39 209.8+4.o 207.0+4.4 

48 213.,3+3,.7 207.4+4.3 

63 213.1+4.2 202.5+5.6 
_.,_ 

:74 
... 

. 206-. 4+4,,.2 221. 7+5 .. 0 

96 216 .. 4+4~ 3 21L, 0+3. 8 

108 230 .. 4+4.8 * 211.0+4.2 

139 217.6+3.8 215.8+3.7 

168 245.6:t,6 .. 1 * 223.1:t.2.3 

192 2)8.2+5.5 226.9+3,.7 

216 249.6+5.7 * 228.9:t,3.9 

240 254.7+5.5 * 234.8+3.9 

264 * 238.4±'_3.7 258.2,±5.5 

267.9+6 .. 9 * 246 • 5.±:4. 6 288 

268.4+7 .. 9 * 245 .. 4+5.1 312 

336 270,.7+10.5 246.5+4.7 

aData are means from six animals± SEM. 
* p<O. 05 
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Table 6 
Weights of control and burned rats measured at speci
fied intervals following adminJstration of thermal 
energy for 15 seconds in a 100 C water bath. (experiment 2) 

Hours post
burn 

. 0 -

6 

12 

18 

24 

30 

. )6 

42 

48 

78 

Control animals a 
Mean weight (grams) 

207. 7+2. 2 -

214.1+2.5 

209.o+2.2 

205.7+2.8 

217.8.:t.2.9 

215 .. 3:+-2.9 .. 

213.1+3.2 

209.3+3.3 

228.1,±:3.5 

Burned animals a 
Mean weight (grams) 

202.7+2.5 

207.2±,2.6 

212 • .5+3.2 

213.7+3.3 

209e9,±:2s3 

216.3+2.2 

21.5 .. 5+2.9 

· 208. :2+2. 0 

205.4+1.6 

215.7+2.6 

aData are means from six animals+ SEM. 
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sar~pling and handling might have affected the weight gain 

of both groups to a similar degree. Another possibility 

is that the continued weight gain may be caused by a gain 

in total body water. This warrants further study because 

trefated burn patients beeome edematous and thus- have a 

marked weight increase (Artz and Moncrief, 196.0). However, 

it is-unlikely that such a weight increase occurred in this 

investigation because the animals did not receive the ex

tensive fluid therapy that a burn patient routinely receives. 

· _According_ to Blocker ( 1964) blood viscosity increases 

following an extensive bu~n. This is due to the loss of 

fluids and plasma proteins which occurs without a corre

sponding red cell loss. If the plasma becomes more or less 

concentrated, a change in plasma carnitine could become 

more or less pronounced. Because of ,this, hematocrits were 

recorded to determine if there was a change in plasma or 

red cell volume~ The results show that at several times 

during the assay period the hematocrits of the control 

animals were significantly greater than those of the burned 

animals (Tables 7 and 8). The factors responsible for 

these differences were not determined. Assuming that the 

differences in hematocrits were due to a relative increased 

amount of fluid in the plasma and were no.t caused by the 

loss of red cells, the mean plasma carnitine, of the burned 
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Table 7 
Hematocrits of control and burned rats taken at speci
fied intervals following administration of thermal 
energy for 15 seconds in a 100°c water bath. (experiment 1) 

Hours post- Control animals 
burn Mean hematocrit (%)a 

0 

12 

24 

39 

48 

63 

74 

96 

108 

139 

168 

192 

216 

- 240 

264 

288 

312 

336 

46.8+2.4 

4'i.8+1.6 -- -

46.2+1.3 

43.8+4.1 

** 
* 

- -- **· 
43.0.±_2.5 

42.3+3.4 

42.9+5.3 

46.1+4.9 · 

48.1+5.1 

45.2_±2.3 

458LH2.3 

· 45 .. 8+4e 8 

46.6+3.2 

L1-6., 2+2. 5 

46.8+1.6 

48. 0+2.1 

Burned animals 
Mean hematocrit (%)a 

48. 0+5. 8 

41.2+5 .. o 

36.5+2.9 

36.0+2.3 

38.7±2-3 

39.5+3.o 

40.1±4.9 

44 .. 7+3 .. 4 

44.8+2.5 

42.0_±2.4 

41.7±3-7 

42,.5+2.9 

40.5+3.5 

41 • .5+3.5 

42 .. J_±.4.o 

42. 3±.3· 2 

aData are means from six animals+ SEM. 

* p50.05 
*.><, 

"p.(0.01 
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Table 8 
Hematocrits of control and burned rats taken at specified intervals following administration of thermal energy for 15 seconds in a 100°c water bath. (experiment 2) 
Hours post- Control animals a Burned animals 

(%)a burn Mean hematocrit (%) Mean hematocrit 
0 43.3+1.5 46.9.:t_l.O 
6 45.2±2.9 48.8±1.8 

12 41.2+2.3 4"' "'· .. / VeV:!:_J.eO 

18 43.5+2.9 40.0+1.1 .-
24 * 44.8+2 .. 8 . 37.8+0.3 - . 

.30 41.7+2.5 38.1.:t_0.8 
36 37,.3+1.7 36. 5+0. 5 
42 38.6.:t_2.4 .35.8+0 .. 9 
48 .39 •'7+1. 8 37.J.:t_0.8 
78 40.2_:t2 .. 1 40.0+0.9 

8nata are means from six animals+ SEM. 
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animals at 24 hours following scalding in the experiment 

begun at 9:00 PM, would be approximately 10% higher than 

recorded. This would make the difference between the con

trols and the experimentals at this point more striking. 

In the experiment begun at J:00 PM, the mean plasma carnitine 

of the scalded group at 6 hours would be about 10% lower, 

and therefore less significant because the mean hematocrit 

of the experimentals was approximately 10% greater than 

that of the controls. If it is assumed that a higher he-
. . 

matocrit correlates with an.increased blood viscosity and 

an increased relative concentration of plasma carnitine, 

then these corrections would be appropriate. 

The incongruity of the data from the two experiments 

pr,eclµdes arriving at an explanation for the relatively 

lower hematocrits of the burned animals seen in the exper

iment started at 9:00 PM. One possible hypothesis may be 

that the application of thermal energy destroyed a sufficient 

number of red blood cells in.the area of the burn to create 

an observable change in hematocrit. 



DISCUSSION 

Increased energy requirements following burn injury 

are met largely by the increased utilization of fat. Fatty 

acid oxidation normally contributes at least half of the 

oxidative energy in heart muscle, liver, kidney and resting 

skeletal muscle (Lehninger, pg. 417. 1970). In the case 

of a burn, however, insulin resistance and glucose intoler= 

ance diminish the importance of glucose and protein as energy 

sources and increase the importance of fat. Mobilization 

of fatty acids from adipose tissue occurs following a burn 

(Birke,et al, 1965) but a refractory period appears to exist 

(0 to 24 hours post burn) in which a decreased utilization 

of oxygen and energy substrates (fat and glucose) occurs 

in rats immediately following the administration of a 20% 

body surface scald for JO seconds in a 8J0 c water bath (Stoner, 

1968). This period is indicated by an immediate drop in 

colon temperature following administration of the scald. 
. • 0 

Body temperatures of four rats fell rapidly to about 33.5 C 

and remained low for 6 hours at which time they began to 

rise. Normal temperatures were regained by 24 hours after 

the injury. Stoner attributes this response to decreased 

heat production since it occurred concommittantly with a 
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decrease in oxygen consumption and the rate of evaporative 

heat loss was lower in the burned than in the control group 

for up to 24 hours post burn. Continued observations into 

the second 24 hour period following the burn showed a re

versal of this state as the oxygen consumption increased 

along with the rate of evaporative heat loss. This evidence 

immediately 

following a burn may be depressed. Such an effect of the 

burn could be the result of a malfunction of the body's 

thermal regulatory system and may be a manifestation of 
shock, anesthesia or the effect of some toxic substance. 

Decreased body temperature and oxygen metabolism which 

are found during the time interval of Oto 24 hours post 

burn, implicate the presence of shock. The decreased blood 

volume (not documented in the present investigation), de

creased venous return and decreased cardiac output are 

characteristic of the period immediately following burn 

trauma (Blocker, 1964) and produce a generalized hypoxia; 

decreased tissue nutrition and tissue ischemia. This effect 

could account for the decreased oxygen metabolism found by 

Stoner (1968) and also for the decrease in free fatty acid 

utilization (or increase in rate of lipolysis) with associated 

increase in plasma free fatty acids noted by Birke, et al 

(1965) at 24 hours post burn. 
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The body temperature data of Stoner (1968) and the 

results obtained with respect to plasma carnitine in this 

investigation suggest an initial period of nonprogressive 

shock which lasts for approximately 6 hours after burning. 

After this period, an increased oxygen utilization occurs, 

free fatty acid concentration decreases (Birke, et al, 1965), 

the plasma carniti:ne level dro,ps and body temperature rises 

back to normal (Stoner, 1968). Decreased nutrition of tissues 

and tissue ischemia occurring during the first six hours 

after the scald and contihuing~ in the case Of progressive 

shock, may be responsible for some of the pathology documen

ted by Fukuda (1960); Rosenthal, et al (1972); Benaim, et 

al (1960); Teplitz (1969); and Stenberg, et al (1960). 

In th~ investigation performed by Birke, et al (1965), 

it was found that the highest value of plasma free fatty 

acids was observed during the first three days after the 

burn. The highest level was recorded at 24 hours post burn. 

During these days, the supply of calories (given intraven

ousl;y) vias slightly higher than during the next four days. 

This suggests that other factors than the caloric supply 

were of importance for the regulation of the free fatty 

acid level. In an earlier experiment Birke, et al (1957) 

observed that the excretion of catecholamines was higher 

and remained high longer the more extensive the burn was., 
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The same tendancy was found for the free fatty acid level. 

This relationship suggests that the activity of the sympa

thetic nervous system was instrumental in the elevation of 

the free fatty acid. level by stimulating the mobilization 

of free fatty acids. 

It has been shown that there is an adequate supply of 

free fatty acids immediately following a burn but some factor 

apparently prevents their metabolism. Oxygen consumption 

and body temperature both are at a decreased level at. 0 to. 

24 hours post burn (Stoner, 1968). This suggests that part 

of the increase in free fatty acids may be attributable to 

a decreased utilization of this energy substrate. If this 

is true, carnitine may be a limiting factor which is re

spnsible for this decrease. An increase in plasma car.nitine 

was observed at 6 hours post burn (Figure 2). Such an 

increase could result from an in.~ibition of the acylation 

of carnitine outside of the mitochondria or an increased 

production of carnitine by the liver in response to in

creased free fatty acid levels, or the effect of shock 

immediately following the burn which is indicated by general 

hypoxia and associated inhibition of metabolism (decreased 

body temperature). 

An alternate explanation for the increase in plasma 

carnitine noted at 6 hours post burn is that the rate of 
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lipolysis has not become enhanced at this point and there 

is an existing shortage of free fatty acids for the acyl

ation of carnitine. This hypothesis is feasible because 

Birke's data do not cover the interval between O and 24 

hours, and such a condition could exist prior to 24 hours. 

Body temperature was lowest (Stoner, 1968) at this time 

(6 to 24 hours post burn) and this implies some interfer

ence with energy production or lack of substrate. Based 

on these conjectures, the carnitine increase could be an 

effect of a decreased free fatty acid concentration due to 

failure to increase lipolysis or an initial increased 

utilization of free fatty acids without a compensatory 

increase in lipolysis leadi~g to an absolute depression in 

the plasma free fatty acid level. From 6 to 24 hours 

following the scald, the plasma carnitine concentration 

declines while body temperature rises back to normal. This 

process may involve facilitation of lipolysis and mobil

ization of free fatty acids which may result in depletion 

of the high carnitine concentration in the plasma as the 

tissues begin to utilize carnitine to a greater extent. 

The similarity in the pattern of changes observed in 

experiment 2 (Figure 2) of this investigation and the results 

obtained by Stoner (1968) may be purely coincidental. 

However, the correlation between the observation of an 
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increase in carnitine at 6 hours post burn and the finding 

by Stoner that body temperature is ·at its lowest point 

at six hours post burn, is very striking. That an increase 

in carnitine should be observed at the time when the body's 

metabolism is markedly lower than normal seems logical. 

If the body is not metabolizing fat (or glucose) at normal 

or increased rates, the continued production and elaboration 

of carnitine by the liver and the non-utilization of this 

substance by the body should produce a measurable change 

in plasma carnitine. Additional evidence of some correlation 

between Stoner's work and this investigation lies in the 

fact that a lower plasma carnitine value was obtained at 

24 hours after the burn. This was also the point at which 

body temperatures (according to Stoner) returned to normal. 

This correlation between these two experiments is related 

to the possibility that the decrease in carnitine at 24 

hours (although not statistically significant) represents 

an increased utilization of carnitine as either more fat 

is mobilized or some other factor responsible for the in

hibition of fat metabolism is removed. In addition, the 

finding that the control rats and experimental rats exhibit 

a similar pattern with respect to plasma carnitine may in

dicate that the handling of the animals and sampling of 

blood produce a stress sufficient enough to create changes 
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in the normal concentrations of plasma carnitine. The same 

or similar effect may be produced by the anesthesia used 

in this investigation. It is known that barbiturates are 

general depressants; they depress the activity of nerve, 

skeletal muscle, smooth muscle, and cardiac muscle and 

reduce oxygen consumption in various mammalian tissues. 

These effects require a large range of concentrations, 

generally higher than those necessary to produce CNS depres

sion, but it is possible that some effect on the animals' 

metabolism is exerted by the Nembutal anesthesia. 

It appears, from the data (Figure 2) that the stress 

of a 20% body surface scald is greater than the stress pro

duced by merely handling the animals. - This is illustrated 

by the differences in plasma carnitine observed between 

controls and experimentals at 24 hours in_::experiment one·., 

and at_6 hours in_experiment two. The data for the remainder 

of both experiments suggests that the stress of this type 

of burn and the stress of handling and sampliP.g blood 

produce nearly equivalent effects on the plasma concentration 

of carnitine .. 

The simplest explanation for the increases in plasma 

carnitine which are observed at 24 hours in the first ex

periment (Figure 1) and at 6 hours in the second experiment 

(Figure 2), is that there is an increase in the production 
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of carnitine by the liver. Assay of liver tissues taken 

at appropriate intervals following scalding may give an 

indication of the presence of such a phenomenon. If an 

increase in liver carnitine is noted in the burned animals, 

it could be postulated that the period following an in

creased level of plasma carnitine represents an interval 

of increased utilization of cainitine for transporting long 

chain fatty acids into mitochondria. A decrease in liver 

carni tine may represent an increased production of carni tin·e 

by the liver but with an increased rate of release of 

carnitine into the blood. An increased carnitine concen

tration in heart muscle might imply an increased utilization 

of fat as an energy source. On the other hand, a low level 

of carnitine in the heart may indicate an increased util

ization of carnitine (increased fatty acid metabolism) by 

the heart and other tissues resulting in lower plasma and 

tissue carnitine concentrations~ Additional interpretations 

are possible. 

Rosenthal, et al (1972) isolated a toxic glycoprotein 

from normal in vitro scalded skin using 96°c water for one 

minute. Allgower, et al (1973) found no toxin in mouse skin 

burned in vivo for 15 seconds using water steam. However, 

he did find that a toxic lipoprotein was produced both in

vivo and in vitro if the procedure involved burning the skin 
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using a metal stamp heated to 250°c~ Comparison of the data 

from these two investigating groups suggests that there are 

at least two important physical factors which are involved 

in the production of a toxic factor. The temperature which 

is used is instrumental in the production of the toxin 

because Allgower found no toxin in skin burned in vivo at 

was isolated from skin burned for 15 seconds at 250°c. 

Allgower attributes these differences between the two types 

of burns to a specific mechanism for toxin formation which 

he suggests necessitates a complete water loss by the skin 

in order for toxin formation to occur. This may be true 

for toxic lipoprotein production but Rosenthal, et al (1972) 

isolated a toxic glycoprotein, which may be different from 

the toxic ·lipoprotein, but was produced using an.aqueous 

environment in vitro. The second factor is the time which 

the skin is exposed to the heat. .Allgowe·r used essentially 

a 15 minute scald whereas Rosenthal utilized a one minute 

scald. If Allgower had modified his experiment and used 

a one minute scald (with water steam) instead of 15 seconds, 

he may have isolated a toxin unless he was only looking 

for a lipoprotein which may, in fact, require a non-aqueous 

environment as a prerequisite to its formation. Neverthe

less, the possibility that a toxin was produced in the 



skin of the animals used in this investigation should not 

be completely disregarded. The production of a toxin may 

have occurred. If this happened, then the toxin could 

present some alternative explanations for the changes seen 

in plasma carnitine. If the toxin prevents the formation 

of acetylcarnitine outside of the mitochondria, an increase 

in plasma carnitine may occur if the liver continues to 

synthesize carnitine. 

The presence of a carnitine biorhythm has not been 

documented. However, Cederblad, et al (1971) found that, 

in humans, more carnitine is excreted during daily activity .. 
tha..~ during nocturnal sleep. Despite the fact that the 

first experiment was begun at 9:00 PM and the second ex

periment at 3:00 PM and therefore possibly represent dif

ferent parts of a circadian cycle in carnitine, the results 

show a certain degree of uniformity. The maximum carnitine 

concentrations for each experiment (61.0+4.o for experiment 

1 and 63.0+1.5 for experiment 2) are not significantly 

different. In addition, the low points which follow the 

high concentrations (23.4+4.4 for experiment 1 and 24.7 

+3.3 for experiment 2) also show no statistically signi

ficant difference. More importantly, the low values for 

each experiment occur at essentially the same time follow

ing the maximum carnitine concentration (17 hours for ex-
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periment 1 and 18 hours for experiment 2). This suggests 

the presence of a uniform physiolo.gical response to a 20% 

body surface scald. Such a response may involve neutral

ization or removal of a carnitine acylation inhibitor or 

increasing the availability of free fatty acids. Since 

the control animals follow the same or similar pattern 

as that of the burned aiiimals (Figures 1 and 2), it is rea-

sonable to hypothesize that the stress of handling during 

sampling of blood produces a parallel effect on both burned 

and control rats. To subi::J'tantiate this hypothesis, the 

inspection of the data from experiment 1 (Figure 1) shows 

that the control group's carnitine values do not follow 

the values of the burned animals as closely as the control 

group's carnitine values follow the burned animal's carnitine 

concentrations in experiment 2 {Figure 2). This difference 

between the ~no experiments could be attributed to the 

increased stress caused by more frequent sampling in ex

periment 2. 

Further experimentation needs to be carried out on 

many aspects of carnitine both with respect to normal levels 

of carnitine in the blood over long periods of time, and 

to the precise mechanism of the effect of burn trauma on 

plasma and tissue carnitine. 

The most essential information which is required at 



this time is data on the mechanisms which control the 

production of carnitine and baseline data that gives normal 

carnitine values for animals, including humans, over a 

significant time interval. This information is necessary 

before any valid interpretations of experimental data can 

be attempted. 

Additional data on the effect of larger body surface 

area burns (30% or greater) on plasma and tissue carnitine 

would be valuable. Documentation of the presence or ab

sence of a toxic substance or substances in various types 

of burns (i.e. second or third degree, JO second or 1 

minute, dry or wet heat, etcs) is also mandatory. The 

effect of the toxic substances on tissue and plasma car

nitine may give additional insight into the changes occur

ring in metabolism following burn trauma. With such 

additional data and its interpretation, it is possible that 

the mechanisms behind "late mortality" and burn metabolism 

may become more clear. 
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ADDENDUM 

A modification of the scalding procedure was utilized 

in an investigation involving the removal of hearts and 

livers for analysis of carnitine. Instead of using a 15 

second scald, the rats were exposed to thermal energy for 

25 seconds to determine whether thermal injury of longer 

duration could be tolerated by the animals. It was found 

that a 25 second scald did not increase mortality. 

The possibility exists that exposure to 100°c water 

for 25 seconds may produce a toxin in the damaged skin. 

Therefore, this procedure may be of interest in future 

investigations related to the effect of an in vivo burn 

toxin on plasma and tissue carnitine (see text, page 20). 

Examination of the liver homogenate data (Table 10) 

shows that the carnitine concentrations of the injured rats 

are higher,at every interval except 18 hours (and possibly 

30 hours), than the values of the control animals. This 

may imply that the liver is producing more carnitine as a 

result of some agent or effect of the experimental procedure. 

Comparison of this data with the plasma carnitine values 

(Tables J and 4) indicates some correlation between these 

two experimentse At six hours post burn, both investigations 
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Table 9 
Concentrations of carnitine in homogenates of heart tissue 
removed from rats at specified intervals following ~a.min
istration of thermal energy for 25 seconds in a 100 C 
water bath. 

Hours post- CarnitiRe (picomoles/gram wet weigh~ 
burn Control Experimental 

6 * 570 640±_49 

12 680 770±.52 

18 780 610±_38 

24 · 620 .. · · 600+36 

30 690 720+41 

36 510 600+46 

aData are yalues obtained from one animal per assay. 

bData are means from three animals+ SEM. 

* Obtained from mean carnitine of two animals+ SEM. 
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Table 10 
Concentrations of carnitine in homogenates of liver tissue 
removed from rats at specified intervals following ~dmin
istration of thermal energy for 25 seconds in a 100 C 
water bath. 

Hours post- CarnitiRe (picomoles/gram wet weigh~ 
burn Control Experimental 

6 490 540+50 * 
12 750 920+138 

18 1400 1010+113 

24 350 680+305' 

30 440 370+23 

36 360 Lr. -::i 0•" n --y...J _!._~V 

. 8nata are .values obtained from one animal per assay. 

bData are means from three animals+ SEM. 
* . . . Obtained from mean carnitine of two animals+ SEM. 
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show an increased carnitine level in the experimental group. 

Later in both experiments. at 18 hours, the reverse is true, 

i.e. the carnitine values of the control animals are higher 

than those of the scalded animals. 

On inspection of the heart tissue data (Table 9), it 

can be seen that the experimental carnitine values exceed 

those of the controls in all cases except at 18 (and possibly 

24) hours post burn. The same pattern is observed in 

the liver results, suggesting the possibility of a decreased 

synthesis of carnitine in the liver being, at least in part, 

responsible for such a decrease in heart carnitine at 18 

hours. Further experimentation in this area is necessary 
. ' .. . 

for substantiation of this hypothesis because of the limited 

data made available by this investigation. 

If the heart carnitine results are compared with the 

plasma carnitine data (Tables 3 and 4), the same observations 

can be made as with the liver homogenates with respect to 

changes in (patterns) carnitine concentration. 

Comparison of the heart and liver tissue results produces 

evidence that the heart tissue concentration of carnitine 

is relatively stable, even under conditions of stresse To 

the contrary, the liver carnitine values show a great deal 

of variation due to apparent changes in the rate of carnitine 

synthesis. The changes in liver carnitine concentration of 
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the control animals are as pronounced as those of the scalded 

animals, suggesting some effect of anesthesia, stress, or 

circadian carnitine cycle on the synthesis of carnitine in 

this organ. 


