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ABSTRACT 
 
The present study was designed to determine whether DMSO causes an inhibition on the development of 
fever in rabbits. The intravenous administration of LPS (1.5µg.kg-1 body weight) caused fever in both 
saline+LPS and DMSO+LPS group, but the onset and magnitude of the induced fever were significantly 
different. The saline+LPS group presented a prototypic biphasic fever whereas the DMSO+LPS group 
presented an attenuated febrile response, but it was not abolished. These results suggest that DMSO may 
provide a protective mechanism against pyrogen LPS, probably through the modulation of NF-κB 
mediated events, such as fever. 
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RESUMO 
 
Estudaram-se os efeitos do DMSO na resposta febril induzida pela administração intravenosa de LPS em 
coelhos. A administração intravenosa de LPS (1,5µg.kg-1 peso vivo) causou febre mesmo na presença do 
DMSO. No entanto, o início e a magnitude da febre induzida foram significativamente menores no grupo 
tratado com DMSO enquanto o LPS isolado induziu resposta febril bifásica. Estes resultados sugerem 
que o DMSO pode exercer um mecanismo protetor contra a ação pirogênica do LPS, provavelmente por 
meio da modulação dos eventos mediados pelo NF-κB, entre eles, a febre. 
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INTRODUCTION 
  
Endotoxemia is caused by the release of LPS into 
the bloodstream inducing activation of the 
inflammatory cascade which can lead to septic 
shock. Fever is the most important manifestation 
of the acute phase of the immune response 
following infection. Generally, it is believed that 
fever is mediated by endogenous pyrogens, such 
as IL-1β, peripherally induced by LPS (Atkins, 
1960; Dinarello, 1984). Indeed, there is a great 
evidence indicating that circulating LPS is 
cleared by various resident macrophages, 
particularly by Kupffer cells, leading these cells 
to synthesize and release cytokines essentials for 
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activating the febrile response to circulating LPS 
(Sehic et al., 1997). 
 
Several studies have been conducted to 
understand the mechanism of transcriptional 
regulation of cytokines. The NF-κB protein was 
described as a transcriptional factor recognizing 
an originally DNA sequence motif within the 
immunoglobulin κ gene enhancer (Gimble and 
Max, 1987; Grimm and Baeuerie, 1993). NF-κB-
binding sites, that regulate transcription initiation 
from a wide variety of gene promoters, have 
been identified including those of TNF (Collart 
et al., 1990; Sung et al., 1991) and IL-6 
(Liebermann et al., 1990; Brach et al, 1993).  
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Once activation of NF-κB is dependent of 
changes in the oxidation state into the nucleus of 
the cell, the presence of antioxidants can inhibit 
LPS and cytokine induction by NF-κB in 
different types of cells (Israel, et al., 1992; 
Grimm & Baeuerie, 1993; Ivanov et al., 1993). 
Thus, it seems that NF-κB serves as a common 
target for oxidant compounds which influence 
cellular functions associated with immune 
defense.  
 
DMSO is considered an effective free radical 
scavenger (Kharasch and Thyagarajan, 1983; 
Brackett et al., 1991; DeForge et al., 1992). 
Recent investigations demonstrated that DMSO 
inhibited LPS-induced TNF-α release and 
reduced TNF-α mRNA levels. Additionally, 
DMSO also suppressed the LPS induced NF-κB 
activation in a murine macrophage cell line 
(Nakamuta et al., 2001). 
 
DMSO has been proved to inhibit the activation 
of NF-κB, and this inhibition has been shown to 
reduce cytokines release. The main goal of this 
study was to evaluate the effects of DMSO on 
the fever response when administered before 
induction of experimental LPS-induced 
endotoxemia in rabbits. 

 
 

MATERIAL AND METHODS 
 
Male New Zealand White rabbits (2.5-3.5kg) 
were used in this study. Before the experiments, 
the rabbits were individually housed in standard 
metal cages and maintained at 24-28ºC under 
natural light conditions of approximately 14h 
light and 10h dark per day. The rabbits were 
offered food and water ad libidum. In order to 
minimize errors in body temperature 
measurements due to restraint stress, all rabbits 
were trained to adapt to the stocks for six hours 
every other day, from at least 10 days before the 
start of the experiment. 
 
The animals were randomly assigned to one of 
the three treatments: LPS control group (n=6) 
(saline+LPS1); DMSO control group (n=6) 
(DMSO+saline) and DMSO pretreated group 
(n=6) (DMSO+LPS). LPS was diluted with 
pyrogen-free saline and i.v. injected at the dose 

                                                           
1LPS, E. coli, 055:B5, Sigma Chemical Co., St. Louis, MO-
USA. 

of 1.5µg.kg-1 body weight according to Gardey-
levassort et al., 1977. DMSO was prepared at a 
concentration of 10mg/ml in pyrogen-free saline 
and i.v. injected ten minutes before LPS or saline 
injection. The injections were made via the 
marginal ear vein using a sterile needle (25 
gauge). All agents were infused at a volume 
adjusted to 100µl.  
 
On the day of the experiment, the animals were 
minimally restrained in conventional rabbit 
stocks at an ambient temperature of 25ºC±1 from 
9a.m. to 4p.m. Throughout the experiment, the 
rectal temperature was measured by a thermistor2 

inserted 100mm deep into the rectum and taped 
to the tail. One hour before and over six hours 
after pyrogen injection, rectal temperature was 
measured every 15 minutes with a 
telethermometer3. The increment in rectal 
temperature after pyrogen injection was 
calculated as the difference between the rectal 
temperature before and at different times after 
LPS injection. The rectal temperature in each 
animal was allowed to stabilize for at least 60 
minutes before any injection was made.  
 
At the end of the experimental period, the 
animals were sacrificed with an overdose of i.v. 
sodium pentobarbital (Murakami et al., 1990).  
 
Statistical differences among groups were 
calculated by one-way ANOVA followed by the 
Student-Newman-Keuls test with the level of 
significance set at P<0.05. Statistical differences 
among the fever curve points for each group 
were determined by one-way RM ANOVA 
followed by the Student-Newman-Keuls test 
with the level of significance set at P<0.05. 

 
RESULTS 

 
The febrile responses in saline+LPS and 
DMSO+LPS groups to i.v. LPS injection are 
represented in Fig. 1. The latency to increase the 
rectal temperature, after pyrogen injection, was 
shorter in the saline+LPS group than 
DMSO+LPS group (30 minutes and 45 minutes, 
respectively). The febrile response in the 
saline+LPS group was represented by a dramatic 
increase in the rectal temperature three to four 
                                                           
2Thermistor (n701)Yellow Spring Instruments Co, Yellow 
 Springs, OH-USA 
3Telethermometer model 46TUC/YSI probe, Yellow Spring 
 Instruments Co, Yellow Springs, OH-USA 
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hours after LPS injection. The DMSO+LPS 
group showed a moderate increase in body 
temperature beginning one hour and a half after 
LPS injection and lasting 150 minutes. In both 
groups, the rectal temperature remained higher 
until six hours in compared to the baseline 
values. The LPS injection caused a typical 
biphasic febrile response in the saline+LPS 
group with the first and second peak recorded at 

75 (1.4±0.6) and 210 minutes (2.2±0.4) after 
injection, respectively. The increase in rectal 
temperature induced by LPS after DMSO 
treatment was less intense and it was sustained 
over the six-hour-experimental period without 
presenting a standard biphasic fever. 
DMSO+saline group had no changes in the body 
temperature (data not showed). 
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Figure 1. Febrile response of saline or DMSO pretreated rabbits after lipopolysaccharide (LPS) injection 
during a six-hour-observation period.  
# Significance between groups (P<0.05). 
Arrow indicates LPS administration. 

 
DISCUSSION 

 
The results clearly demonstrated that DMSO 
significantly attenuated the fever induced by the 
i.v. injection of LPS. It is known that intravenous 
injection of LPS causes fever with an increase in 
the IL-1β, IL-6 and TNF-α level (Long, 1990; 
Kugler, 1991; Kugler et al., 1995; Blatteis and 
Sehic, 1997; Kozak et al., 1998; Luheshi, 1998; 
Cartmell et al., 1999; Cartmell et al., 2000; 
Cartmell et al., 2001). The fever and increased 
levels of related cytokines were attenuated when 
LPS stimulated peripheral mononuclear cells 
were incubated with NF-κB inhibitors (Lee et al., 
2003). These findings were indicative that NF-
κB activation was correlated with LPS-induced 
synthesis and release of cytokines (mainly IL-1β) 
from peripheral mononuclear cells triggering 
fever.  

 

Kelly et al. (1994), working with primary 
peritoneal macrophages, established a link 
between the LPS response and NF-κB activation, 
which occurs parallel with the cytokine genes 
production. It was demonstrated that this 
response to LPS was partially inhibited by 
pretreatment with DMSO, indicating that 
antioxidants can modulate LPS-induced cytokine 
production in macrophages mediated by NF-κB. 
The addition of 2% DMSO reduced the intensity 
of the LPS-inducible NF-κB complex, but not 
abolished it. In the same way, the present study 
showed a decreased febrile response in DMSO 
pretreated group, but did not abolish it. It could 
be considered that the less intense febrile 
response observed in DMSO+LPS group could 
be related with the known antioxidant effect of 
DMSO on the LPS response. In resting cells, NF-
κB resides in the cytoplasm associated with IκB, 
an inhibitor (Grimm and Baeuerie, 1993). When 
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cells are activated by LPS, or chemical agents, 
the IκB protein is degraded, thereby activating 
the DNA-binding ability of NF-κB and freeing it 
for transport into the nucleus (Henkel et al., 
1993). Moreover, a study showed that this 
regulation of NF-κB activation occurs by the 
changes in the oxidation state of the cell (Grimm 
and Baeuerie, 1993). 
 
Thus, the current work suggests that a protective 
mechanism of DMSO against pyrogen (LPS) 
probably occurs by the modulation of NF-κB 
mediated events, such as production and release 
of cytokines related with the febrile response. 
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