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Abstract

Background—Burn injury (BI) is associated with insulin resistance and hyperglycemia which

complicate clinical management. We investigated the impact of BI on glucose metabolism in a

rabbit model of burn injury using a combination of PET and stable isotope studies under

Euglycemic Insulin Clamp (EIC) conditions.

Materials/Methods—Twelve male rabbits were subjected to either full thickness burn injury (B)

or sham burn (SB). Three days after treatment, an EIC condition was established by constant

infusion of insulin, concomitantly with a variable rate of dextrose infusion. PET imaging of the

hind limbs was conducted to determine the rates of peripheral O2 and glucose utilization. Each

animal also received a primed constant infusion of [6,6,2H2] glucose to determine endogenous

glucose production.

Results—The fasting blood glucose in the burned rabbits was higher than in the sham group.

Under EIC conditions, the SB group required more exogenous dextrose than the B group in order

to maintain blood glucose at physiological levels (22.2 ± 2.6 vs 13.3 ± 2.9 mg/min, P < 0.05),

indicating a state of insulin resistance. PET imaging demonstrated that the rates of O2

consumption and FDG utilization by skeletal muscle remained at similar levels in both groups.

Hepatic gluconeogenesis determined by the stable isotope tracer study was found significantly

increased in the BI group.

Conclusions—These findings demonstrated that hyperglycemia and insulin resistance develop

during the early “flow phase” after BI. Unsuppressed hepatic gluconeogenesis, but not peripheral

skeletal muscular utilization of glucose contributes to hyperglycemia at this stage.

Keywords

PET; euglycemic insulin clamp; insulin resistance; stable isotopic tracer study

Address Correspondence to: Hongzhi Xu, MD, PhD Research Department Shriners Hospitals for Children Boston MA 02114 Phone:
(617) 2793273 FAX: (617) 3714927 hongzhi2008@gmail.com.

NIH Public Access
Author Manuscript
J Surg Res. Author manuscript; available in PMC 2014 June 30.

Published in final edited form as:
J Surg Res. 2013 January ; 179(1): e83–e90. doi:10.1016/j.jss.2012.02.037.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



INTRODUCTION

Each year approximately 500,000 patients with burn injuries receive medical treatment in

the U.S(1). Modern advances in the initial emergency and subsequent supportive care have

significantly reduced mortality in this patient population. However, post-burn complications

such as poor wound healing (2), skin graft loss (3), increased incidence of infections (4, 5)

and muscle wasting (6) remain as major challenges for clinicians. Various studies have

demonstrated that insulin resistance (IR) induced hyperglycemia plays a key role in the

development of these adverse outcomes in post-burn patients (7) In order to fine-tune

current clinical therapies or to design innovative treatment strategies, a clear understanding

of alterations in glucose metabolism associated with IR is absolutely required. However,

detailed information, such as the impact of IR on regional glucose disposal and how this

contributes to systemic hyperglycemia are yet to be elucidated.

The Euglycemic Insulin Clamp (EIC) technique is a well-accepted method for quantitative

assessment of tissue sensitivity to insulin. Under the hyper-insulinemic conditions, insulin

levels are raised and the plasma glucose concentration is held constant at basal levels by a

variable glucose infusion using the negative feedback principle. Under these steady-state

conditions of euglycemia, the glucose infusion rate equals the rate of glucose uptake by all

tissues of the body and is therefore a measure of tissue sensitivity to exogenous insulin.

Additional information about whole body glucose metabolism, such as the rate of

endogenous glucose production, can be obtained by simultaneous infusion studies with

stable isotope labeled glucose. However, neither technique by itself allows for direct

monitoring of glucose metabolism in individual tissues. In contrast, Positron Emission

Tomography (PET) is a quantitative imaging technique that allows the acquisition of

physiological images based on the detection of radiation from the emission of positrons.

With radio-labeled glucose analogs such as 18F 2-fluoro-2-deoxy–D-glucose (FDG), it is

possible to directly evaluate the metabolic fate of glucose in individual tissues, such as

skeletal muscle in vivo. Thus, the combination of stable isotope studies and PET under EIC

can provide a multi-dimensional picture of glucose metabolism in vivo in the same subject.

Using these techniques, we investigated the impact of burn injury on glucose metabolism at

two primary sites, liver and skeletal muscle in a rabbit model.

MATERIALS AND METHODS

Animals

12 male New Zealand white rabbits weighting 2.5-4.6 kg (Millbrook Farms, NY), were

randomly assigned to sham burn (n = 6) and burn (n = 6) groups. On arrival, the animals

were habituated to the environment for at least 48 h before use. All animals were kept in the

Animal Farm of the Massachusetts General Hospital, under the care of the veterinary staff.

Water and food (Prolab Hi-fiber Rabbit Chow, 5P25, PMI Nutritional International,

Brentwood, MO) were provided ad libitum. The study protocol was approved by the

Subcommittee on Research Animal Care and Use of the Massachusetts General Hospital.
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Burn Injury Model in Rabbits

Thermal injury was produced on the dorsal surface of the rabbits as described elsewhere (8).

Briefly, the rabbits were anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg)

injected subcutaneously in the shoulder region. The dorsal surface was shaved and each

animal was placed in a mold exposing 25% of the skin to water heated at 100°C for 15 sec.

A full-thickness third degree burn wound was thus formed and was verified by histological

examination. After injury, the animals were allowed to recover from anesthesia under fluid

resuscitation (0.9% Sodium Chloride, i.v., 3ml / % TBSA for 4hrs). Sufficient analgesia was

administered to minimize chronic pain-induced stress and associated metabolic alterations.

These included: burprenorphine (0.02 mg/kg, i.m.) before burn injury administered together

with anesthesia and every 12 hours thereafter, once cornea reflexes were recovered. In

addition, ELMA™ cream (containing lidocaine and prilocaine, topical anesthesics for

pediatric patients) was applied to the wound twice a day. A sham burn group which served

as a control was treated in the same way as the burned animals; however, the exposed area

was immersed in room temperature water for 15 seconds. After recovering from anesthesia

the animals returned to their cages in the animal facility. Water and food are provided ad

libitum

All metabolic studies were performed after fasting overnight on the third post-burn day. At

this time, the rabbits had recovered from the acute phase of injury. They were free of sepsis,

as evidenced by dry wounds and negative blood cultures.

Experimental Design

The overall experimental design is summarized in Figure 1 and described in detail below.

Surgical Preparation

After overnight fasting, the rabbits were anesthetized with ketamine (10mg/kg, i.m.) and

xylazine (4mg/kg, i.m.) and anesthesia was maintained by constant inhalation of 2%

Isoflurane via an anesthesia machine (Model: VMS Matrix, Midmark Corp, Versailles, OH).

Polyethelene catheters (ID 0.034”, Clay Adames Parsipany, NJ) with 3 cm silastic tips (ID

0.30 in. Don Corning, Midland Me) were implanted into the left jugular vein and carotid

artery through a 1.5 cm vertical incision in the neck region, using aseptic procedures. A

tracheotomy was performed, and an infant endo-tracheal tube (10 cm long) was inserted 3

cm into the trachea and secured with a silk ligature. Heart rate, mean arterial blood pressure,

and rectal temperature were maintained at stable levels by adjusting the anesthesia and a

heating pad. These vital signs were recorded every 30 min. Blood gasses were monitored

with a vet Oximeter (SDI VET/OX Plus 4500/4600, SDI Sensor Devices Inc. Waukersha,

WI) throughout the study. Euthanasia were performed by intravenous injection of an

overdose of pentobarbital (>150mg/kg).

Stable Isotope Tracer Study

After surgical preparation, a blood sample was collected for the measurements of baseline

stable isotope enrichments at the beginning of the study. Each animal then received a primed

constant tracer infusion of [6,6,2H2] glucose with a priming dose of 80 μmol/kg and a
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targeted infusion rate of 1 μmol/kg/min, for 4 hrs. Arterial blood samples, 2 ml each, were

collected at 100, 110, 120, 220, 230, 240 min after starting the tracer infusion. At the

conclusion of the study the animals were euthanized and total weight of the hind-limbs, skin,

bone and muscle were measured and their proportions to whole body weight were

calculated.

Euglycemic Insulin Clamp

The clamp was started at 120 min after initiation of stable isotope tracer infusion. The

procedure was similar to that described by Zhang et al (9) with slight modifications. Briefly,

a bolus injection of 50 mU/kg insulin (Humulin R Eil Lilly, Indianapolis, IN) was injected

into the external jugular vein and was followed immediately by an infusion of insulin in

0.25% human serum albumin at a rate of 4.5 mU/kg/min. Approximately 4-5 minutes after

insulin administration, an infusion of 25% dextrose was begun with an initial pump setting

of 0.1 ml/min which was adjusted every five minutes based on plasma glucose levels.

Plasma glucose levels were monitored with a glucose analyzer (Bayer HealthCare LLC,

Mishawaka, IN) and were maintained at 90-120 mg/dl (5-6.7 mM).

PET Imaging and Data Analysis

Once the steady state of euglycemia was achieved ~30 minutes after initiation of the EIC,

the rabbits were positioned in the gantry of a PC-4096 PET camera (Scanditronix AB,

Sweden) with their thighs centered in the field of view. The imaging characteristics of this

instrument and the parameters for image reconstruction (10-12) have been well-described in

the literature. Radioactive gases were supplied to a cylindrical mixing chamber (2.5 cm

diameter × 4.5 cm), which was placed over the nose, mouth and endotracheal tube. All

rabbits were studied consecutively with inhalation of C15O2, which produces radiolabeled

water in vivo (via carbonic anhydrase), for measuring blood flow; 15O2 for measuring

oxygen utilization; and intravenous injection of 18FDG for measuring glucose metabolism.

The concentration of radioactivity in arterial blood was monitored continuously with a pair

of coincidence detectors placed in a loop between the arterial and venous catheters. Regions

of interest (ROIs) of the same size and shape were drawn over the thigh muscle and average

values for blood flow and oxygen utilization were calculated using previously described

methods (13, 14).

The same ROIs that were used for calculating blood flow and oxygen utilization were used

for calculating glucose metabolic rate, which was evaluated by a 3-compartment, 3 rate

constant model of FDG kinetics as described previously (15) with a value of 0.5 for the

lumped constant (16). Briefly, when 18FDG is injected, it is transported from plasma into

cells according to the rate constant K1, transported back into plasma with the rate constant

k2, phosphorylated with a rate constant k3 and dephosphorylated with a rate constant k4.

Since, 18FDG-PO4 cannot proceed further in glycolysis or be used for glycogen synthesis,

tracer accumulation reflects glucose utilization. From measurements of the time dependence

of tissue (PET) and plasma radioactivity, the differential equations described by the model

can be solved to yield values for K1 and k2-4. For tissues with minimal glucose-6-

phosphatase activity (brain, heart, muscle etc), the rate of glucose metabolism (MRGlc,

μmole/min/g) can be calculated using the relation:
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(1)

Where Cp is the plasma glucose concentration and LC is the “lumped constant” that corrects

for the differences in kinetic behavior between 18FDG and glucose.

Sample Treatment and Mass Spectroscopic Analysis

The blood samples from each experiment were immediately centrifuged and the

supernatants were preserved at −80°C until analysis. The procedure for preparation of di-O-

sopropylidene derivatives were similar to those previously described by Hachey DL et al

(17). Briefly, plasma was mixed with cold acetone (0 °C), followed by centrifugation at

2000 × g for 5 min to remove plasma proteins. The di-O-isopropylidene ester was formed by

acetonation with 0.38 M sulfuric acid followed by extraction with ethyl acetate and

acylation with acetic anhydride (1:1) at 60 °C for 60 min. The blood enrichments of [6,

6-2H2] glucose were determined by gas chromatography mass spectrometry (GC-MS,

Hewlett-Packard, 5985B) using electron ionization (EI) mode. The concentration of blood

glucose was determined using mass abundance ratio of natural glucose versus internal

standard D-Glucose-2,3,4,6,6 [(m+5 Glucose) (Merck Sharp& Dohme Canada Ltd.)]

following previously described procedures (3).

Calculation of Endogenous Glucose Production (Endoglc)

Whole body glucose turnover rate (Qglc) was determined with the steady-state isotope tracer

dilution approach (18):

(2)

Where: iglc is the infusion rate of [6, 6-2H2] glucose, Ei is the isotopic enrichment of [6,

6-2H2] glucose in the infusate and Ep is the plateau level [6, 6-2H2] glucose enrichment.

At steady state:

(3)

Where ExOglc is the rate of glucose intake and Endoglc is the rate of endogenous glucose

production. In the fasting basal state, Exoglc = 0, so Endoglc = Qglc. During the euglycemic

insulin clamp state, Exoglc= Idex, where Idex = infusion rate of dextrose.

Thus, endogenous glucose production (Endoglc) can be calculated as:

(4)

Statistical Analysis

All data were expressed as means ± SEM. Student’s t tests were used to evaluate differences

between the burn and sham burn groups. A P value < 0.05 was considered to be statistically
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significant. The effect of burn injury and EIC on the rate of endogenous glucose production

was evaluated by two-way ANOVA.

RESULTS

All animals survived the burn injury. The average body weight of the rabbits on the third

postburn day was not significantly different from that before burn. The wound surface was

dry (unlike in human burn, there were no blisters, or surface exudates) with sharp edges and

the burned surface showed gray color. The arterial blood pressure remained constant

(90-110/60-70 mmHg) throughout the experimental period.

Blood Glucose Levels Before and After EIC

Three days after burn injury, the average basal blood glucose level (i.e. levels during phase

I) was 223.5 ± 25.4 mg/dl which was significantly elevated comparing with the sham burn

group in which the glucose level was 147.5 ± 21.5 mg/dl (P < 0.05, see Figure 2). This

indicates that hyperglycemia exists at 3 days after burn injury. During the Euglycemic

Insulin Clamp stage (phase II), average blood glucose levels of both groups were maintained

at similar levels (111.7 ± 6.3 vs. 106.9 ± 6.5 mg/dl, see Figure 2).

At the beginning of the Euglycemic Insulin Clamp, infusion of 25% dextrose solution was

initiated shortly after insulin administration. The infusion rate for the burn group was

markedly lower than that for sham group in order to keep blood glucose at euglycemic levels

(4.1 ± 0.9 vs. 6.9 ± 0.6 mg/min/kg, P < 0.05, see Figure 3), indicating a blunted response to

the hyperinsulinemic condition from either liver or peripheral tissue or both (i.e. an insulin

resistance) in three-day post-burn animals.

PET Study of Glucose Uptake, Oxygen Extraction Fraction and Blood Flow in Hind Limb
Skeletal Muscle

The rate of glucose utilization, oxygen extraction fraction (OEF) and blood flow in hind-

limb skeletal muscle during the EIC are summarized in Figure 4. We found except that

blood flow to hind limb muscle was significantly increased in burned rabbits (3.8 ± 0.4 vs.

2.2 ± 0.4 ml/min/kg, P < 0.05 Figure 4C), muscular glucose utilization rate and OEF was

similar in both sham burn and burn groups (Glucose Utilization rate: 39.3 ± 4.8 vs. 45.5 ±

7.9 μmol/min/kg, P > 0.05 Figure 4A; and OEF: 84.6 ± 17.7% vs. 86 ± 13.3%, P > 0.05

Figure 4B). Because the efficacy of glucose utilization (e.g. uptake and oxidation) in local

muscular tissue reflects the extent of insulin resistance in this region, the relatively

unaffected muscular tissue glucose utilization after burn injury implies that the major

manifestation of insulin resistance, as suggested by the EIC study, may be elsewhere other

than the peripheral muscle tissue.

Changes in Endogenous Glucose Production after EIC

Using stable isotope tracer technique, we found that the levels of endogenous glucose

production were significantly elevated in burn injured rabbits compared with the sham

treated group (13.6 ± 1.7 vs. 9.1 ± 1.0 mg/kg/min; P < 0.05) (Figure 5). Under fasting

conditions, the main source of endogenous glucose production is the gluconeogenesis from
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the liver. Thus, this elevated endogenous glucose production under insulin clamp condition

suggests the effect of insulin in suppressing hepatic gluconeogenesis is compromised after

burn injury, which may at least partially contribute to the overall insulin resistance state.

DISCUSSION

Hyperglycemia has been documented as one of the major characteristics of burn injury (19).

Rather than being beneficial as previously believed, burn-induced hyperglycemia may be a

significant risk factor since it has been linked to various adverse clinical complications (20).

Therefore, it is important to have a better understanding of the factors associated with the

development of post-burn hyperglycemia. Essentially, hyperglycemia is a result of

imbalance between glucose production and glucose utilization in the body. In the present

study, using PET imaging in combination with stable isotopic tracer and euglycemic insulin

clamp techniques, we obtained detailed evidence that hyperglycemia after burn injury is

mainly due to increased endogenous glucose production, rather than reduced glucose

utilization or disposal by skeletal muscle during the early flow phase of burn injury.

Previous studies have suggested that there are two distinct phases of metabolic alterations

following burn injury: the “ebb phase” which occurs within the first 48 hours after injury

followed by the “flow phase” that is characteristically associated with a hypermetabolic

state. In general, profound metabolic alterations responsible for many clinical complications

primarily occur during the “flow phase”. Previously we developed a rabbit burn model, in

which a significant elevation of resting energy expenditure and accelerated proteolysis was

observed on the third post-burn day; mimicking the metabolic pattern of the early “flow

phase” in burn patients (21). Thus we used this three-day post burn model to further study

the impact of burn injury on glucose metabolism. Consistent with the results of the previous

studies, the fasting glucose concentration was increased in the burned animals. Moreover,

using the euglycemic insulin clamp technique, we demonstrated that tissue responsiveness to

insulin was markedly attenuated, indicating that a state of insulin-resistance had already

developed at three days after burn injury.

A wealth of clinical and experimental data has suggested that insulin resistance plays a

pivotal role in the pathophysiology of aberrant glucose metabolism after burn injury. Pro-

inflammatory cytokines (22), stress hormones (23) and oxidative stress (24) have been

shown to contribute to the development of insulin resistance, by directly or indirectly

impairing the insulin signaling pathway or GLUT-4 translocation. The impact of insulin

resistance on glucose metabolism is manifested in two ways; unsuppressed hepatic

gluconeogenesis and impaired peripheral glucose utilization. Previous work by Kidrasova et

al (25) and Wilmore et al (26) revealed that hepatic gluconeogenesis is increased in rats and

humans with burn injury. In line with their findings, the present study using the euglycemia

insulin clamp technique demonstrated that: 1) the amount of exogenous glucose required to

maintain euglycemia was less in burned animals compared to sham burn animals, indicating

an insulin resistance state; however, 2) with the help of stable isotope tracers, the present

study demonstrated that endogenous glucose production was much higher in animals with

burn injury. Obviously, the increased hepatic glucose production is one of the manifestations

of the insulin resistance state after thermal injury.
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With regard to the peripheral utilization of glucose, the present study using PET techniques

demonstrated that utilization of glucose by muscle tissues was not significantly altered after

burn injury; this finding was consistent with the observation using stable isotope tracers that

glucose clearance rate was not compromised after burn injury. Previous studies have

reported that glucose disposal in peripheral tissues such as skeletal muscles might be altered

after burn injury (27, 28). Thomas et al. observed a significantly decreased glucose uptake

rate in rat skeletal muscle 5 days post-burn (29). We (12) and others (30) have also reported

impaired peripheral glucose uptake at 3 wks or even months after burn injury. In contrast, in

the early stage of the flow phase, there is no significant change in glucose uptake by skeletal

muscle, as we demonstrated in the present study. Furthermore, Turinsky et al found that the

uptake of glucose by muscle was not significantly changed despite the existence of insulin

resistance using a 2-4 day post-burn rat model (31). Taken together, our data demonstrated

that at three days post-burn, there was elevated hepatic gluconeogenesis while glucose

uptake by skeletal muscles was not significantly altered. Post burn insulin resistance is a

dynamic process with differential manifestations at different stages after injury:

unsuppressed hepatic gluconeogenesis may precede decreased uptake of glucose by skeletal

muscle at the early stage of the flow phase after burn injury. Currently, the underlying

mechanism(s) for these sequential events are unclear. We speculate that direct effects of

stress hormones (e.g. glucagon) that are usually elevated shortly after burn injury on

gluconeogenesis (32) and/or heterogeneity of insulin sensitivity in different tissues (33, 34)

might contribute to early unsuppressed hepatic glucose production.

The present study applied combined PET and stable isotope tracer methods to study glucose

metabolism in burn and sham burn animals under fasting conditions and euglycemic insulin

clamp status. This approach provided a number of advantages. Firstly, previous studies of

muscle substrate metabolism have used measurements of A-V differences in tracer

concentrations across the limbs (35) which are quite invasive. Secondly, in all A-V

difference studies, accurate measurement of blood flow rate across the limb has been

difficult. Thirdly, catheterization of the vessels may produce changes in blood flow.

Fourthly, the measurements are not specific for muscle with contributions from skin and

bone. In contrast, the PET approach is less invasive without the need for inserting catheters,

Moreover PET allowed us to “visualize” glucose kinetics which specifically occur in

skeletal muscle, not including bone and skin (10,11). Previous studies have utilized the

combination of PET with insulin clamp to elucidate changes in regional glucose utilization

in skeletal muscle in insulin resistant states such as obesity (36), non-insulin-dependent

diabetes mellitus (37) and liver cirrhosis (38). In the present study, the combination of PET

with stable isotope tracers allowed us to simultaneously evaluate the rate of endogenous

glucose production and peripheral utilization in vivo. When these studies were conducted

under both fasting and euglycemic clamp conditions, critical information about insulin

resistance under the burn and sham burn conditions was obtained.

In the present study, PET imaging using C15O2 demonstrated a significant increase in blood

flow in skeletal muscle under hyperinsulinemic conditions (36, 39). Previously, several

studies have documented a similar effect in skeletal muscle in response to insulin in both

animal models and humans (35, 40, 41). Liang et al suggested that this enhancement in local

blood flow might be attributed to the direct vasodilator effect of insulin on skeletal muscle
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vasculature (40). On the other hand, thermal injury itself has been reported to be associated

with an increase in skeletal muscle arteriolar blood flow distant from the site of injury in rats

(42). Clearly, additional studies are required to elucidate the underlying mechanism(s)

responsible for increased blood flow in skeletal muscle after burn injury.

In summary, the present study demonstrated a significantly increased endogenous glucose

production, without significant changes in muscle glucose utilization in thermally injured

animals. The findings indicate that burn induced hyperglycemia and insulin resistance state

predominantly occur in the liver. The combined PET-stable isotope approach allowed us to

simultaneously evaluate glucose metabolism in vivo in liver and muscle. Because of the

accuracy and less invasive nature, this technique is potentially applicable to future studies in

health human volunteers and burn patients.
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Figure 1. Schematic representation of the experimental design
Each experiment was preceded by surgical implantation of catheters into the left jugular vein

and the left carotid artery, which took about 30 minutes. Immediately after surgery, the

animal was placed in the gantry of the PET camera. Subsequently, a 2 ml baseline blood

sample was taken and a primed constant infusion of stable isotope tracer was started. The

stable isotopes were infused for 6 hours. Additional blood samples (2 ml each) were

collected at 100, 110, 120 minute time points. Euglycemic insulin clamp was initiated at 120

minutes. Meanwhile, the PET camera was prepared for the imaging studies. Additional 2 ml

blood samples were collected at 220, 230, 240 minutes.
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Figure 2. Fasting blood glucose levels before and after EIC
Before the clamp study, the level of plasma glucose was significantly higher in the burn

injury group compared to sham treated animals. After insulin clamp, plasma glucose levels

were maintained at a similar level in both groups. Each value is the mean ± SEM for six

animals. *P < 0.05.
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Figure 3. Infusion rates of 25% dextrose used for maintaining euglycemia during insulin clamp
study
During insulin clamp, while insulin was continuous infused, 25% dextrose was supplied in

order to maintain plasma glucose levels in the physiological range (90-110 mg/dl). In the

burn group, the rates of dextrose infusion were significantly lower than that in sham group,

indicating the development of an insulin resistant state. Each value is the mean ± SEM for

six animals. *P < 0.05.
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Figure 4. Glucose uptake (A), Oxygen extraction fraction (B) and Blood flow (C) in rabbit hind-
limbs
The rabbits were positioned in the gantry of a PC-4096 PET camera with their thighs

centered in the field of view. Radioactive gases were supplied via a cylindrical mixing

chamber. Rabbits were studied successively with C15O2, 15O2 and 18FDG. The PET study

revealed that there was no statistically significant difference in glucose uptake or oxygen

extraction fraction between the burn injured and sham treated control groups. However,

regional blood flow was significantly increased after burn injury. Each value is the mean ±

SEM for six animals. *P < 0.05.
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Figure 5. Endogenous glucose production during EIC study
During euglycemic insulin clamp study (phase II), rabbits received constant insulin infusion

supplemented with various doses of 25% dextrose. Using the steady-state isotope tracer

dilution approach, endogenous glucose production (i.e. gluconeogenesis) in the fasting state

was determined. The levels of endogenous glucose production in burn injured rabbits

remained significantly elevated compared with the sham treated control group. Each value is

the mean ± SEM for six animals. *P < 0.05.
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