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Abstract

Gut-derived endotoxin and pathogenic bacteria have been proposed as important causative factors of morbidity and death

during heat stroke. However, it is still unclear what kind of damage is induced by heat stress. In this study, the rat intestinal

epithelial cell line (IEC-6) was treated with heat stress or a combination of heat stress and lipopolysaccharide (LPS). In

addition, propofol, which plays an important role in anti-inflammation and organ protection, was applied to study its effects on

cellular viability and apoptosis. Heat stress, LPS, or heat stress combined with LPS stimulation can all cause intestinal

epithelial cell damage, including early apoptosis and subsequent necrosis. However, propofol can alleviate injuries caused by

heat stress, LPS, or the combination of heat stress and LPS. Interestingly, propofol can only mitigate LPS-induced intestinal

epithelial cell apoptosis, and has no protective role in heat-stress-induced apoptosis. This study developed a model that can

mimic the intestinal heat stress environment. It demonstrates the effects on intestinal epithelial cell damage, and indicated that

propofol could be used as a therapeutic drug for the treatment of heat-stress-induced intestinal injuries.
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Introduction

Heat stroke is a life-threatening condition in which the

core body temperature rises rapidly to 406C or higher and

the body’s heat-regulating mechanism breaks down.

Moreover, heat stroke causes abnormalities in the central

nervous system such as delirium, convulsions, and coma

after exposure to a high ambient temperature (classic or

non-exertional heat stroke) or strenuous exercise (exer-

tional heat stroke). Current knowledge on heat stroke

suggests that the pathophysiological consequence of heat

stroke may not be due to an immediate effect of exposure

to heat but may be a result of the systemic inflammatory

response that follows thermal injury. Despite adequate

lowering of the body temperature and intensive care

support, heat stroke can often lead to multiple organ

dysfunction syndrome (MODS) and death in these

patients (1-3).

The gut contains a large number of the bacteria

and endotoxins or lipopolysaccharides (LPS) in the body.

Gut-derived endotoxin and pathogenic bacteria have

been proposed as important causative factors of morbidity

and death during clinically relevant stresses such as heat

stroke (4,5), sepsis (6), burn injury (7,8), and ischemia-

reperfusion injury (9), as well as in critically ill patients

(10). A number of studies on pathological examination of

the small intestine reveal that lesions in this organ are

common, and endotoxemia is present during heat stroke

(11-15).

Intestinal epithelial cells are key components of the

intestinal mucosal barrier. Damages to these cells will

increase the permeability of the intestinal mucosal barrier,

leading to increased gut-derived bacterial endotoxin

translocation. In the process of heat stress or severe

heat stroke, intestinal epithelial cells are attacked by

environmental heat. The cells are also stimulated by

intestinal bacteria and bacterial LPS. However, the type of

damage induced by these stimuli on intestinal epithelial
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cells is still unclear. The first objective of the present study

was to detect damage characteristics of intestinal

epithelial cells under the combined stimuli of heat stress

and LPS.

Propofol is an intravenous general anesthetic drug

and is widely used in the induction and maintenance of

anesthesia and sedation in intensive care units and for

patients who need mechanical ventilation. Recent studies

have shown that, in addition to the anesthetic effects,

propofol also plays an important role in anti-inflammation

and organ protection. For example, propofol can reduce

the production of proinflammatory cytokines, alter the

production of nitric oxide (16), and inhibit neutrophil

function, leading to alleviation of the inflammatory

response (17). Propofol can also regulate platelet

aggregation (18,19) and activate endogenous organ

protection against hypoxic and ischemic injury (20). Our

previous studies suggest that the intestinal inflammatory

reaction plays an important role in intestinal injury during

animal heat stroke (15). In view of the anti-inflammatory

and organ-protective functions of propofol, the second

purpose of this study was to detect the probable

protective role of propofol in heat-stress-induced intestinal

epithelial cell injury.

In this study, we developed an in vitro micro-

environment for heat-stressed intestinal epithelial cells

and investigated the injuries caused by heat stress and

LPS. We also studied the effects of propofol on cellular

injuries. These results would help to further understand

the mechanisms of endotoxin translocation caused by

intestinal barrier dysfunction during intestinal heat stress

and provide potential therapy.

Material and Methods

Treatment of cells with heat stress, LPS, and propofol
Rat IEC-6 cells (provided by Southern Medical

University, China) were cultured in Dulbecco’s modified

Eagle’s medium (DMEM) containing 5% fetal bovine serum.

Cells were passaged using ethylenediaminetetraacetic acid

(EDTA)-trypsin to reach 80-90% confluence. After two

passages, the cells were divided into the following groups:

control, heat stress (HS), LPS (Sigma, USA) treatment,

propofol (Sigma) treatment (P), HS++LPS, HS++P,

LPS++P, and HS++LPS++P.

For heat stress, the medium of cells at 70%

confluence was replaced with serum-free DMEM and

incubated at 436C for 1 h. Subsequently, cells were

incubated under normal conditions (376C and 5% CO2)

for 23 h. For LPS stimulation, cells were cultured in

serum-free DMEM supplemented with 1 mg/mL LPS for

24 h under normal conditions. For HS++LPS, 1 mg/mL

LPS was added to the cells, followed by 1 h of heat stress

at 436C and another 23 h of incubation under normal

conditions. For propofol treatment, cells at 70% con-

fluence were grown in serum-free DMEM supplemented

with 50 mM propofol for 24 h under normal conditions. For

HS++P, cells were treated with 50 mM propofol followed

by 1 h of heat stress at 436C and 23 h of incubation under

normal conditions. For LPS++P, cells were treated with

1 mg/mL LPS and 50 mM propofol and incubated for 24 h

under normal conditions. For HS++LPS++P, cells were

treated with 1 mg/mL LPS and 50 mM propofol and

incubated at 436C for 1 h followed by 23 h of incubation

under normal conditions.

Detection of cell viability
The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-

trazolium bromide] method was used to detect cell viability

after different treatments. After removal of the medium,

150 mL MTT (0.5 mg/L) was added to the cells and then

incubated for 4 h. Subsequently, the supernatant was

removed and 150 mL dimethyl sulfoxide added, with

shaking for 5 min, until the crystals were fully dissolved.

Absorbance (A) at 490 nm was measured for each well,

and cell viability was calculated using the following

equation: cell viability=Atreatment/Acontrol.

Detection of apoptosis
Double staining with annexin V-fluorescein isothyo-

cyanate (FITC) and propidium iodide (PI) was used to

detect apoptosis. The cells in each group were washed

with phosphate-buffered saline twice and detached with

EDTA-free trypsin. Subsequently, cells were resuspended

in 500 mL binding buffer and stained with 1 mL annexin

V-FITC and 1 mL PI. Apoptosis was detected using flow

cytometry within 1 h in order to avoid false results.

Apoptosis was calculated using the following equation:

apoptosis rate=number of apoptotic cells/(number of

apoptotic cells++number of living cells)6100%.

Statistical analysis
All data were analyzed using the SPSS 16.0 software

(IBM, USA). Quantitative data were reported as

means±SD. All comparisons were conducted after

homogeneity of variance (P.0.05) was confirmed.

Comparison between each group was performed using

single factor analysis of variance (one-way ANOVA).

Multiple comparisons among different groups were

performed using a least-significant difference test or the

Student-Newman-Keuls method. The Welch method was

used for data with heterogeneity of variance, and the

Dunnett T3 test was used for multiple comparisons.

P,0.05 was considered to be statistically significant.

Results

Effect of heat stress and LPS on cell viability
Cell viability in the HS, LPS, and combination groups

was significantly lower than in the control group (P,0.05).

In addition, cell viability in the combination group was

significantly lower than either HS or LPS groups
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(P,0.05). There was no significant difference between

the LPS and HS groups (P.0.05). These results indicated

that either heat stress or LPS can cause a certain degree

of damage in IEC-6 cells and a combination of these two

treatments would produce a synergistic effect (Figure 1).

Effect of propofol on heat stress and combination of
heat stress and LPS-induced reduction of cell viability

There was no significant difference between the P

group and the control group (P=0.373) in cell viability.

However, cell viability in the combination group was

significantly higher than that in the HS group (P=0.021).

These results indicate that propofol does not affect cell

growth, but plays a protective role in heat-stress-induced

damage. Moreover, cell viability in the LPS++P group was

significantly higher than that in the LPS group (P,0.001).

Cell viability in the HS++LPS++P group was significantly

higher than that in the HS++LPS group (P,0.001). These

results indicate that propofol can protect cell damage

caused by the combination of heat stress and LPS

stimulation (Figure 2).

Effect of heat stress and LPS on apoptosis
There were significant differences in apoptotic rates

among the control, HS, LPS, and LPS++HS groups

(P,0.001). Apoptotic rate in the LPS, HS, and

HS++LPS groups was significantly higher than that in

the control group (P,0.001). Apoptotic rate in the

HS++LPS group was also higher than that of the LPS or

HS groups (P,0.05), However, there was no significant

difference between the LPS and HS groups. These

results indicated that heat stress or LPS could increase

apoptosis of IEC cells and the combination of these two

treatments could produce a synergistic effect (Figure 3).

Effect of propofol on heat stress and combination of
heat stress and LPS-induced apoptosis

Propofol treatment did not affect apoptotic rate. In

addition, the apoptotic rate in the HS++P group was not

significantly different from that in the HS group (P.0.05).

These results indicated that propofol treatment may have

no significant effect on heat-stress-induced apoptosis.

Apoptotic rate in the LPS++P group was significantly lower

than that in the LPS group (P=0.047). In addition, the

Figure 1. Effects of heat stress (HS) and lipopolysaccharide

(LPS) on the cell viability of IEC-6 cells. Data are reported as

means±SD, n=6. *P,0.05 vs control, and #P,0.05 vs HS or

LPS (one-way ANOVA).

Figure 2. Effects of propofol (P) on the cell viability of IEC-6 cells

after heat stress (HS), lipopolysaccharide (LPS), or a combina-

tion of HS and LPS treatment. The MTT [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide] method was used for eva-

luation. Data are reported as means±SD, n=6. *P,0.05,

Student-Newman-Keuls test.

Figure 3. Effects of heat stress (HS) and lipopolysaccharide

(LPS) on the apoptosis ratio of IEC-6 cells. Data are reported as

means±SD, n=6. *P,0.01 vs control, #P,0.05 vs LPS or HS

(one-way ANOVA test).
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apoptotic rate in the HS++LPS++P group was significantly

lower than that in the HS++LPS group (P=0.011). These

results indicate that treatment with propofol can reduce

apoptosis caused by LPS or a combination of LPS and

heat stress (Figure 4).

Discussion

The mechanism in heat-stress-induced multiple organ

failure is not fully understood. The presence of endotoxemia

and intestinal bleeding suggest that a change in intestinal

epithelial permeability may play an important role in this

process (21). Moseley et al. (22) suggested that most of the

tight junctions in intestinal epithelial cells could open at

38.36C; and, when the temperature exceeded 41.56C, all

the tight junctions would be opened, resulting in increased

permeability to macromolecules. Early studies on heat

stroke in animal models also showed that leakage of

microorganism endotoxins from the intestine was

increased after thermal damage in the intestinal mucosa

(23). Lambert et al. (12) utilized the fluorescent molecule

FITC-dextran to study the intestinal permeability of rats in

different heat stress conditions, and histological analysis

showed that the extent of the damage and permeability of

the intestinal epithelia were associated with the degree of

heat stress.

It could be predicted that, under heat-stress condi-

tions, endotoxins, bacteria, and antibodies in the intestine

were constantly translocated into the blood and lymph,

which resulted in the release of various inflammatory

mediators and aggravation of the systemic inflammatory

response syndrome (SIRS). Occurrence of SIRS further

increased mucosal barrier damage, eventually leading to

MODS (24). However, direct experimental evidence of

epithelial cell damage in heat stress is not available.

In this study, we mimicked the micro-environment of

intestinal epithelial cells under severe heat stress

conditions and determined the cell viability and apoptotic

rate. As predicted, heat stress or LPS stimulation could

induce damage to intestinal epithelial cells (including

early apoptosis and subsequent necrosis). In addition, a

synergistic effect was produced when heat stress and

LPS stimulation were combined. These results indicate

that the unique environment during the process of

intestinal heat stroke can induce multiple types of cell

damage mediated by different molecules and signaling

pathways. Our previous studies had shown that intestinal

epithelial cells secreted significantly higher IL-8 under

the condition of heat stress or LPS stimulation (25).

However, further studies are needed to determine

whether other cytokines or molecules are involved in

this process.

Propofol plays an important role in anti-inflammation

and organ protection. Thus, we determined the effect of

propofol on heat-stress-induced cell injuries. Our results

showed that propofol could alleviate the injuries caused

by heat stress, LPS, or a combination of heat stress and

LPS. There is additional evidence supporting the protec-

tive role of propofol in intestinal injury. Liu et al. (26) found

that propofol attenuates intestinal ischemia-reperfusion

(I/R)-induced mucosal injury in an animal model. The

response may be attributable to the antioxidant properties

of propofol and the effects of inhibiting over-production of

nitric oxide and in decreasing ET-1 levels (26). They also

found that propofol pretreatment attenuates I/R-induced

intestinal epithelial apoptosis (27). Sun et al. (28) found

that propofol could inhibit traumatic brain injury that

promoted a significant increment in plasma endotoxin,

the L/M ratio, and intestinal levels of NF-kappa B, TNF-

alpha, and IL-6 in animal models. Vasileiou et al. (29) also

found that anesthesia with propofol alleviated intestinal

injury and efficiently prevented lipid oxidation following

intestinal ischemia-reperfusion in Wistar rats.

Yagmurdur’s (30) results suggest that propofol as an

anesthetic agent may prevent bacterial translocation by

scavenging reactive oxygen species and inhibiting lipid

peroxidation in an animal model of burn injury, and they

also found that propofol could offer protection against

apoptosis of enterocytes (31).

Interestingly, propofol can only inhibit LPS-induced

intestinal apoptosis, but has no protective role in heat-

stress-induced apoptosis. We speculated that the organ

protective effect of propofol was mainly associated with

anti-inflammation and reduction of oxidative stress injury,

which are similar to LPS-induced cell damage and quite

different from heat-stress-induced physical damage. In

Figure 4. Effect of propofol (P) on the apoptosis ratio of IEC-6

after heat stress (HS), lipopolysaccharide (LPS), or a combina-

tion of HS and LPS treatment. Double staining with annexin V-

fluorescein isothyocyanate and propidium iodide was used to

detect the effect of P on the apoptosis ratio of IEC-6. Data are

reported as means±SD, n=6. *P,0.05, Dunnett T3 test.
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Niederlechner’s (32) study on glutamine’s cytoprotective

mechanism in heat-stressed intestinal epithelial cells,

epidermal growth factor receptor and its associated signal

transduction pathway molecules such as activated extra-

cellular regulated protein kinases 1/2 and decreased p38

mitogen-activated protein kinases signaling may play an

important role, and provide a basis for future study. In

conclusion, this study developed a model that can mimic

the intestinal heat stress environment, demonstrated its

effects on intestinal epithelial cell damage, and indicated

that propofol could be used as a therapeutic drug for the

treatment of heat-stress-induced intestinal injuries.
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