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Curcumin suppresses inflammatory cytokines and heat shock protein 70 release
and improves metabolic parameters during experimental sepsis
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ABSTRACT
Context: Curcumin has been reported to have anti-inflammatory, antioxidant and hypoglycaemic proper-
ties, besides reducing mortality in sepsis.
Objective: This study evaluates the biological activities of a curcumin dispersion formulated by spray-
drying in experimental sepsis.
Materials and methods: Male Wistar rats were subjected to sepsis by caecal ligation and puncture (CLP),
controls were sham operated. The animals were treated with curcumin dispersion (100mg/kg, p.o.) or
water for 7 days prior to CLP and at 2 h after surgery. One group was used to analyze curcumin absorp-
tion through HPLC; another had the survival rate assessed during 48h; and from a third group, blood was
collected by decapitation to analyze metabolic and inflammatory parameters.
Results: The plasma curcumin levels reached 2.5 ng/mL at 4 h, dropped significantly (p< 0.001) at 6 h
(1.2 ng/mL), and were undetectable at 24 h in both groups. Curcumin temporarily increased the survival
rate of the septic rats by 20%. Moreover, it attenuated glycaemia (p< 0.05) and volemia (p< 0.05) altera-
tions typically observed during sepsis, and decreased the levels of the proinflammatory cytokines IL-1b
and IL-6 in plasma (p< 0.001) and peritoneal lavage fluid (p< 0.05) of septic rats. Serum HSP70 levels
were decreased (p< 0.01) at 24 h after CLP.
Discussion and conclusion: Our results show that the curcumin dispersion dose employed was not detri-
mental to the septic rats. In fact, it temporarily increased their survival rate, improved important metabolic
parameters, reduced proinflammatory cytokines and HSP70 production.
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Introduction

Sepsis is a syndrome or disease that can cause septic shock, mul-
tiple organ failure and death, especially when not diagnosed early
and treated immediately (Bone et al. 1997; Vincent & Korkut
2008; Gonsalves & Sakr 2010).

In the early stage of sepsis, the pathogen–receptor interaction
triggers a cascade of intracellular signalling pathways, wherein
the nuclear factor kappa b (NF-j-b) induces the expression of
genes responsible for cytokine production (Nduka & Parrillo
2011). While this leads to the overproduction of tumour necrosis
factor (TNF-a), interleukin 1beta (IL-1b) and nitric oxide (NO)
increases the capacity of bacterial clearance, it is also responsible
for certain complications, including myocardial cell depression,
hypotension and organ failure (Szabo 1995; Kumar et al. 1996;
Jean-Baptiste 2007;). The release of interleukin 6 (IL-6) induces
fever and produces acute phase proteins by the liver, and it also
has a strong correlation with sepsis-related mortality (Frink et al.
2009; Tschaikowsky et al. 2011; Faix 2013).

The application of curcumin, which is derived from the trop-
ical plant Curcuma longa L. (Zingiberaceae), has previously been
employed and tested in experimental sepsis protocols,

where it was found to attenuate tissue damage, to decrease
TNF-a expression, and to reduce sepsis-related mortality in rats
(Siddiqui et al. 2006; Memis et al. 2008). Its structural configur-
ation conveys the ability to inhibit lipid peroxidation in different
tissues, to regulate intracellular concentrations of antioxidant
enzymes, as well as to act as a scavenger of reactive oxygen species
(ROS) (Sreejayan Rao 1994 ;Soobrattee et al. 2005; Singh et al.
2011). Furthermore, curcumin was reported to have antioxidant
and anti-inflammatory properties in the brain (Vachharajani et al.
2010), lungs (Xiao et al. 2012), kidneys (Yilmaz Savcun et al.
2013), liver (Seehofer et al. 2010) and heart (Yang et al. 2013) of
septic animals. Its anti-inflammatory effects are thought to be
mediated by up-regulation of the peroxisome proliferator-acti-
vated receptor gamma (PPAR-c). The increased expression of
PPAR-c by curcumin leads to the suppression of NF-j-b and a
consequent decrease in the release of pro-inflammatory mediators
such as TNF-a, IL-1 and IL-6 (Siddiqui et al. 2006).

The mechanism of action of curcumin also seems to be asso-
ciated with heat shock protein 70 (HSP70) (Dunsmore et al.
2001), as seen in studies on the relationship between serum
HSP70 levels, oxidant status and sepsis outcome in patients
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(Gelain et al. 2011), but to the best of our knowledge there is no
such report yet for experimental sepsis models.

Despite the great therapeutic potential of curcumin, its low
solubility and stability in aqueous systems, as well as its rapid
systemic metabolization and elimination, have limited its clinical
applications (Anand et al. 2007). So as to increase the absorption
of curcumin from the gastrointestinal tract, a solid dispersion
consisting of curcumin/GelucireVR 50/13- AerosilVR (SD17) has
been formulated by spray drying (Teixeira et al. 2016). This dis-
persion was seen to reduce cisplatin-induced neurotoxicity
in vitro (Mendonca et al. 2013) and to have antigenotoxic and
anti-inflammatory activities in rats (Mendonca et al. 2015;
Teixeira et al. 2016). Considering the reported activity of curcu-
min in experimental models of diseases characterized by the pro-
duction of several inflammatory cytokines, the aim of this study
was to investigate the effects of the SD17 curcumin preparation
on immune and metabolic disorders seen in rats submitted to
caecum ligation puncture (CLP)-induced sepsis.

Materials and methods

Animals

Male Wistar rats (250 ± 30 g) provided by the Animal Facility of
the Campus of Ribeir~ao Preto, University of S~ao Paulo, were
housed in controlled temperature (25 ± 1 �C) and photoperiodic
(12 h night/day cycle) conditions, with food (Nuvilab CR-1,
NUVITAL) and tap water available ad libitum. All experimental
protocols were approved and performed according to the guide-
lines of the Ethics Committee of the University of S~ao Paulo –
Campus Ribeir~ao Preto. Humane endpoints in shock research
(Nemzek et al. 2004) were used as criterion to euthanize septic
animals in high suffering, immediately before or soon after the
studied time-points defined in this study.

Preparation and working solution of the SD17

The solid dispersion (SD17) prepared by the spray-drying tech-
nique and containing 338.4mg of the substance per gram, has high
solubility and stability (Teixeira et al. 2016). For the working solu-
tion used in this study, the SD17 preparation was dissolved in ster-
ile water. The dose used (100mg/kg) was based on previous reports
of Basnet and Skalko-Basnet (2011) and Teixeira et al. (2016).

Experimental protocol

Following sham-operation or caecum ligation puncture (CLP) sur-
gery (Rittirsch et al. 2009), the animals received by gavage a dose
of SD17 (100mg/kg) dissolved in water, or water as control for 7
days before the experiment, and at 2 h after surgery. In the first
group of animals, the survival rate was assessed during 48 h. In the
second group, the plasma curcumin levels were quantified by
HPLC. Rats of the third group were decapitated at 4 or 6 h (early
phase of sepsis), or at 24 h (late phase of sepsis) after surgery.
Aliquots of whole blood, plasma or serum were used for the deter-
mination of blood glucose, cytokine (IL-6, IL-1b), NO and HSP70
levels. Peritoneal lavage fluid (PLF) was collected during each
period for the quantification of cytokines (IL-1b, IL-6).

Quantification of plasma curcumin by high-performance
liquid chromatography (HPLC)

HPLC was conducted in a Shimadzu instrument (Kyoto, Japan)
equipped with an LC-10 AT VP pump and an SPD 10 A VP

ultraviolet detector set at k¼ 420 nm. Chromatographic separ-
ation was obtained isocratically at ambient temperature on a
reverse phase column LiChrospherVR 100 RP 18 (125mm �4mm
�5 lm particle size – Merck, Darmstadt, Germany). The mobile
phase used was a methanol/water/acetic acid mixture (68:30.4:1.6
v/v/v) at a flow rate of 0.7mL/min. Acetonitrile (2mL) was
added to 1mL plasma for protein precipitation. The mixture was
agitated for 1min and centrifuged for 5min at 1495 g (Hitachi,
himac CF8DL). The supernatant (2mL) was transferred to a con-
ical tube and dried by air flow at room temperature.
Subsequently, the samples were reconstituted in 200 lL of mobile
phase and 100lL of n-hexane and vortexed for 1min. After cen-
trifugation (5min, 1495 g), 100lL of the mobile phase (lower)
was injected into the chromatograph. Plasma curcumin levels
were calculated by linear regression of the respective peaks in the
samples against a standard calibration curve prepared with ana-
lytical grade curcumin with 94% purity (Sigma-Aldrich,
St. Louis, MO).

Haematocrit determination and blood glucose measurement

Blood was collected in heparinized microcapillaries (Fisher
Scientific, Hampton, NH) and haematocrit was measured by cen-
trifugation (Centrimicro Mod. 211, FANEN). Glucose was meas-
ured in a calibrated portable blood glucose meter Accu-Chek
Advantage (Roche Diagnostica Brasil Ltd, S~ao Paulo, Brasil)
using specific reactive tapes. Concentrations are given in mg/dL.

Determination of cytokines in plasma and peritoneal lavage
fluid (PLF)

The IL-1b and IL-6 concentrations in plasma and PLF were
determined using specific enzyme-linked immunosorbent assay
(ELISA) kits for each cytokine (R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions. The detection limits
for IL-1b and IL-6 specific ELISA kits were 5 and 21 pg/mL,
respectively.

Plasma nitrate determination

Total nitrate was determined using the purge system of a Sievers
Instruments Nitric Oxide Analyzer (NOA model 280i, Boulder,
CO). Plasma samples were deproteinized using cold absolute
ethanol before injection into a reaction vessel containing van-
adium trichloride (VCl3), which converts nitrate to NO. The NO
produced was detected as ozone induced by chemiluminescence.
Peak NO values of the samples were determined using a standard
curve established with sodium nitrate solutions of various
concentrations.

Heat shock protein 70 (HSP70) measurement

HSP70 serum levels were determined by western blot analysis
using a mouse monoclonal antibody (Sigma, St. Louis, MO)
diluted 1:1000, followed by incubation with a secondary anti-
mouse IgG antibody conjugated to peroxidase (Santa Cruz
Biotechnology, Dallas, TX) at 1:10,000 dilution. Detection was
done using a chemiluminescence reaction kit (ECL, GE
Healthcare, S~ao Paulo, Brazil) followed by exposure to X-ray film.
The films were photographed and the ECL-detected protein bands
quantified by Gene Tools Software (Syngene, Cambridge, UK).
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The results were converted to arbitrary units of optical density
and total plasma protein was used for normalization.

Statistical analysis

The data are presented as means ± SEM. Statistical significance
was assessed by two-way analysis of variance (ANOVA) and a
post hoc Student–Newman–Keuls (SNK) test, or one-way
ANOVA followed by Tukey’s test. Survival analysis was per-
formed by the Log Rank Mantel-Cox test. p values �0.05 were
considered statistically different. The software used was
GraphPad Prism (version 5.0).

Results

All animals subjected to CLP-induced experimental polymicrobial
sepsis developed the typical early clinical signs of sepsis, such as
lethargy, piloerection and diarrhoea. Sham-operated animals
remained active in their cages, as expected.

Curcumin plasma concentration after SD17 administration

Representatives HPLC chromatograms are shown in Figure 1
(A–C). Following gavage administration of SD17, the plasma cur-
cumin levels reached 2.49 ± 0.30 ng/mL at 4 h in the CLP group
and 2.53 ± 0.34 ng/mL in sham animals before showing a signifi-
cant drop at 6 h in both groups (F[2,32]¼ 445.701; p< 0.001).
At 24 h, curcumin was undetectable in the plasma samples
(Figure 1(D)).

Effect of SD17 treatment on the survival of septic animals

Survival rate was analyzed to assure that the dose of the curcu-
min dispersion employed in this study was not detrimental to

the animals. Interestingly, we could in fact see a 20% improve-
ment in survival rate at 24 h in the SD17 treated group. But, this
improvement was apparently only temporary, as the Log Rank
Mantel-Cox test did not indicate a statistical difference between
the CLP groups treated with SD17 or vehicle at the 48 h time
point (p¼ 0.48) (Figure 2).

Effect of SD17 treatment on haematocrit and glycaemia

As expected, sepsis induction caused hypovolemia at each time
point analyzed (F[2,65]¼ 2.477; p< 0.05). There were significant
differences at 4, 6 and 24 h between the CLP and the Sham
groups, which both had been treated with SD17. SD17 treatment
caused a small improvement in hypovolemia, but only in the late
phase of sepsis (F[3,65]¼ 2.447; p< 0.05) (Figure 3(A)).

Sepsis induced hyperglycaemia at 4 and 6 h (early phase of
sepsis) (F[2,79]¼ 28.436; p< 0.05) and hypoglycaemia in the late
phase, at 24 h (F[2,79]¼ 28.436; p< 0.001). SD17 treatment abol-
ished the hyperglycaemia condition in the early phase (4 h and
6 h), but had no effect on hypoglycaemia in the late phase (24 h)
(Figure 3(B)).

Effect of SD17 treatment on the plasma and plasma lavage
fluid (PLF) concentrations of IL-1b and IL-6

As expected, sepsis led to increased plasma and PLF cytokine lev-
els already in the early phase of sepsis (F[2,112]¼ 42.578;
p< 0.001) (Figure 4). Treatment with SD17 reduced the IL-1b
concentration in plasma (F[3,112]¼ 58.321; p< 0.001) (Figure
4(A)) and in PLF (F[3,46]¼ 23.350; p¼ 0.039) at 6 h after sepsis
induction (Figure 4(B)).

A significant reduction was also seen for plasma IL-6 levels at
6 and 24 h (F[6,123]¼ 32.012; p< 0.001), although an increase had

Figure 1. Curcumin plasma concentration after SD17 administration. Representative chromatograms of HPLC separations of (A) septic rat plasma blank, (B) septic rat
plasma with curcumin standard and (C) septic rat plasma with SD17. (D) Curcumin levels of animals subjected to sham operation (Sham) or sepsis by caecal ligation
and puncture (CLP), pretreated and treated by gavage with SD17 (100mg/kg). The values shown are means ± SEM. �p< 0.001 compared to group 6 and 24 h. n¼ 4–7
animals per group. ND: not detectable.
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been seen at 4 h following CLP surgery (Figure 4(C)). For PLF, a
reduction in IL-6 was observed only at 24 h after sepsis induction
(F[6,46]¼ 6.338; p¼ 0.047) (Figure 4(D)).

Effect of SD17 treatment on plasma nitrate and serum
HSP70 levels

Sepsis caused an increase in plasma nitrate levels in the early
(6 h) and late phase of sepsis (24 h) (F[2,76]¼ 29.446; p< 0.05). At
24 h after sepsis induction, the treatment with SD17 led to an
even stronger increase in nitrate levels (F[6,76]¼ 7.598; p< 0.001)
(Figure 5).

HSP70 levels were increased at 6 h in both the CLP and sham
groups. The SD17 treatment attenuated this increase in the sham
animals only (F[6,63]¼ 2.427; p< 0.044), and a reduction in
HSP70 levels was seen at 24 h in the CLP animals (F[6,63]¼ 2.427;
p¼ 0.002) (Figure 6).

Discussion

Since it was important to show that the curcumin preparation
used in the experimental protocol allowed good absorption from
the gastrointestinal tract, we first confirmed this by HPLC ana-
lysis of the curcumin plasma concentrations. The results showed
that curcumin was high at 4 h, significantly decreased at 6 h, and
was undetectable at 24 h following surgery. Furthermore, there
was no indication of a detrimental effect on animal health by the
dosage used, as seen by survival rate analysis. In fact, the curcu-
min dispersion (SD17) treatment even improved survival of sep-
tic animals at 24 h.

Curcumin is reported to interact with different proteins,
including albumin, which may act as carriers (Gupta et al. 2011).
As the HPLC detection of free curcumin requires plasma depro-
teinization (Ma et al. 2007), it is not possible to conclude that it
may no longer exert biological activity, even though curcumin
concentrations were not detectable in plasma at 24 h. Rather,

Figure 2. Effect of SD17 treatment on survival rate of septic animals. The animals were treated with SD17 by gavage (100mg/kg) or water (vehicle) for seven consecu-
tive days and at 2 h after the caecal ligation and puncture (CLP) surgery. Survival analysis was performed by the Log Rank Mantel-Cox test. The values are expressed
as percentage of survival rate. The number of animals is shown in parentheses.

Figure 3. Effect of SD17 treatment on (A) haematocrit and (B) glycaemia levels at 4, 6 and 24 h after Sham or CLP operation. Values shown are means ± SEM.�p< 0.05 compared to the Sham group;þp< 0.05 compared to the same group (i.e., in comparison to the CLPþwater and CLPþ SD17 groups 4 and 6 h); #p< 0.05
compared to vehicle (water) treatment in the same period and same group (i.e., in comparison to the CLPþwater group 24 h). n¼ 4–11 animals/group.
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the rapid decline seen in curcumin plasma concentrations and its
absence at 24 h suggests that various plasma proteins may rapidly
distribute it to different tissue. This may maintain its bioactive
properties and avoid drug metabolization or its rapid excretion
(Tsai et al. 2011). We consider that this may explain the increase
in survival rate of the SD17-treated CLP animals at 24 h after
sepsis induction.

SD17 administration was seen to attenuate the altered meta-
bolic parameters typically observed during sepsis, such as volemia
and glycaemia. Hypovolemia in sepsis indicates plasma extravasa-
tion to interstitial spaces, due to elevated levels of inflammatory
mediators, such as NO, cytokines, prostaglandins, complement
and others, that cause damage to endothelial cells and increase
vascular permeability (Fishel et al. 2003). Since we could not see

a decrease in plasma NO levels, but only in cytokines, we con-
sider that the decrease in the levels of the latter may explain the
improvement in hypovolemia observed here in the late phase of
sepsis.

Hyperglycaemia is typically seen in the initial, hyperdynamic
phase of sepsis, when the body expends a large amount of
energy. It is believed to be due to increased hepatic glycogenoly-
sis and gluconeogenesis mediated by stress hormones, such as
glucagon, catecholamines and epinephrine, which are all
increased in this phase (Norbury et al. 2007). In the late phase of
sepsis, hypoglycaemia may occur, primarily due to the decreased
hepatic stocks of glycogen spent earlier in the hyperactive phase
(Marik & Raghavan 2004). The SD17 treatment protocol used
herein abolished the hyperglycaemia condition in the acute phase
and attenuated hypoglycaemia in the late phase of sepsis, indicat-
ing that curcumin can improve harmful effects caused by gly-
caemia alterations. In fact, clinicians recommend the
maintenance of basal levels of glycaemia during the septic state
(Dellinger et al. 2008). Furthermore, a beneficial effect of curcu-
min on hyperglycaemia in diabetic rats has already been reported
(Fujiwara et al. 2008). Though promising in terms of therapeutic
applications, further studies are necessary to clarify the mecha-
nism(s) of curcumin in the control of blood glucose during
sepsis.

The results obtained on the temporal profile of IL-1b and IL-
6 cytokine concentrations in plasma and peritoneal cavity fluid
of septic animals treated with vehicle are similar to those already
reported in previous studies (Figueiredo et al. 2012; Oliveira-
Pelegrin et al. 2013). Here, we saw an increase in the levels of
these cytokines at 4 and 6 h and a decrease at 24 h, representing,
respectively, the early and late phases of sepsis. In the peritoneal
lavage fluid (PLF), these cytokines showed essentially the same

Figure 4. Effect of SD17 treatment on plasma and peritoneal lavage fluid (PLF) concentrations of IL-1b and IL-6 at 4, 6 and 24 h after Sham or CLP surgery.
Concentration of (A) IL-1b and (C) IL-6 in plasma and (B) IL-1b, and (D) IL-6 the PLF animals subjected to sham operation (Sham) or sepsis induced by caecal ligation
and puncture (CLP), pretreated and treated by gavage with SD17 (100mg/kg) or vehicle (water). The values shown are means± SEM. �p< 0.001 compared to the
Sham group;þp< 0.001 compared to the same group; #p< 0.05 compared to vehicle (water) treatment in the same period and same group. n¼ 4–11 animals/group.
ND: not detectable.

Figure 5 - Effect of SD17 treatment on plasma nitrate levels at 4, 6 and 24 after
Sham or CLP operation. Values shown are means± SEM. �p< 0.05 compared to
the Sham group;þp< 0.05 compared to the same group (i.e., in comparison to
the CLPþwater groups 6 and 24 hand CLPþ SD17 groups 4 and 6 h);
#p< 0.001 compared to vehicle (water) treatment in the same period and same
group (i.e., in comparison to the CLPþwater group 24 h); n¼ 3–10 animals/
group.
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profile as in plasma, but since the peritoneum is the inflamma-
tion site, their concentrations were higher than in plasma at each
time point studied.

Cytokines, such as IL-1b and IL-6, play important roles in the
inflammatory process. They enhance microbicide activity of
phagocytic cells, contribute to the recruitment of leucocytes to
the infection site, and are also endogenous pyrogens, showing
correlation with the increase in body temperature (Cavaillon
et al. 2003; Figueiredo et al. 2012). Interleukin 1 is known to
increase other cytokines, such as IL-6, IL-8 and TNF-a, besides
augmenting leucotrienes, prostaglandins and reactive oxygen spe-
cies. The increase seen in IL-6 during sepsis can be considered as
an attempt of the organism to fight the infection by regulating
the immune response, as this cytokine is known to stimulate the
production of corticosterone (Salas et al. 1990) and of acute
phase proteins produced in the liver (Faix 2013).

These cytokines are considered biomarkers for sepsis mortal-
ity, since they are elevated in non-survivor compared to survivor
patients (Bozza et al. 2007). The observation that the curcumin
dispersion diminished cytokine concentrations in plasma and
PLF could indicate an anti-inflammatory effect that would be
beneficial to the organism.

It has previously been shown that NF-j-b activity is reduced
by approximately 30% in muscle of rats treated with curcumin
1 h before and 8 and 15 h after the CLP septic stimulus (Poylin
et al. 2008). Moreover, a systemic and myocardial reduction in
these cytokines, and ultimately NF-j-b, was also seen following
administration of curcumin in Coxsackievirus-infected mice
(Song et al. 2013). Although we did not analyze the NF-j-B
pathway in this study, we think that the biological effects of cur-
cumin could be due to the inhibition of this transcription factor
during the inflammatory process. This inhibition could occur
through blocking the phosphorylation of its inhibitor Ijb, which
prevents the nuclear translocation of NF-j-b (Jurenka 2009;
Buhrmann et al. 2011).

We also evaluated the action of the SD17 curcumin dispersion
on extracellular HSP70 protein, which is synthesized quickly by

most cells in the body in response to various types of stresses,
including inflammation and oxidative stress (Ziegler et al. 2005).
We could see an increase in HSP70 protein levels both in sham
and in septic rats, but only in the early phase of sepsis. We think
that inflammation due to surgery was primarily responsible for
the increase seen in this protein at 6 h.

The functions of this protein are dependent on whether it is
localized intra- or extracellularly (Kregel 2002). Intracellular
HSP70 has a protective function, and the increase of its expression
reduces mortality and organ dysfunction in sepsis. It acts as a
molecular chaperone suppressing several denatured proteins, regu-
lating apoptosis, and inhibiting inflammatory cell activation (Chen
et al. 2005). Its extracellular functions, though not yet clearly
defined, can be considered as mediating the immune response. It
binds to the Toll-like receptors types 2 and 4 (TLR2 and TLR4) on
the surface of antigen-presenting cells (APCs), and through an
NF-j-b-dependent pathway it stimulates the production of proin-
flammatory cytokines. Moreover, it appears to provide a link
between the innate and the adaptive immune systems, acting as a
carrier of antigenic peptides to APCs (Joly et al. 2010). In inflam-
matory diseases, the serum level of HSP70 is directly linked to the
inflammatory status of the organism (Njemini et al. 2004), increas-
ing with the degree of inflammation (Njemini et al. 2011). Clinical
studies showed that serum HSP70 levels are modulated according
to the patient’s oxidant status, and its increased levels are associ-
ated with mortality in sepsis (Gelain et al. 2011). Hence, it is pos-
sible to use HSP70 as a biomarker of sepsis (Wong et al. 2012,
2014). In this study, curcumin administration was able to signifi-
cantly decrease the levels of this protein at 24 h in septic rats,
besides abolishing its increase in sham animals.

Therefore, our results would be the first to show an increase
of this protein in septic rats. Moreover, the results suggest that
curcumin may reduce the extracellular concentration of this pro-
tein, and thus may contribute to the small improvement in sepsis
survival seen at 24 h after CLP. We believe that a longer and
repeated treatment could enhance these biological effects of cur-
cumin and significantly extend the survival of septic animals.

Figure 6. Effect of SD17 treatment on serum HSP70 levels at 4, 6 and 24 h after Sham or CLP operation. (A) Representative western blots were analyzed for each
group and time point. (B) HSP70 values shown are means± SEM. �p< 0.05 compared to the Sham group;þp< 0.05 compared to the same group; #p< 0.01 com-
pared to vehicle (water) treatment in the same period and group (i.e., in comparison to the Shamþwater group 6 h and CLPþwater group 24 h). n¼ 3–8 animals/
group.
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Several pathophysiological processes involve NO
(Thiemermann 1997; Erusalimsky & Moncada 2007). A progres-
sive increase in plasma nitrate, a stable metabolite used as an
indicator of NO production, is seen in experimental sepsis
induced by caecal ligation and puncture (Correa et al. 2007;
Oliveira-Pelegrin et al. 2010; Wahab et al. 2015). Although well-
known for its microbicide capacity, an overproduction of this gas
contributes to a decrease in blood pressure and to the hypores-
ponsivity to vasoconstrictor agents in sepsis (Thiemermann
1997). This is thought to be responsible for worsening the poly-
microbial sepsis conditions, since, when using a blocker of NO
production, we found an increase in survival rate (Correa et al.
2007). Therefore, we were expecting to see a decrease in NO lev-
els following the curcumin dispersion treatment. Surprisingly,
this was not the case, as we did not see any modification in the
early phase and even an increase in the late phase of sepsis.

The generally assumed antioxidant effect of curcumin and its
beneficial effects have more recently been called into question
(Mancuso & Barone 2009; Burgos-Moron et al. 2010). Under
specific situations, high concentrations of curcumin were seen to
be oxidant rather than antioxidant (Sandur et al. 2007). This
would be in line with suggestions that the production of reactive
oxygen species (ROS) and reactive nitrogen species (RNS), which
includes nitric oxide, by curcumin, could be responsible for its
reported apoptotic effects that can prevent cancer development.
However, most of these studies are based on in vitro experi-
ments, and therefore there is a need to conduct in vivo studies to
test which dosage levels of curcumin are oxidant or antioxidant.

Conclusions

Our study demonstrates that the curcumin dispersion formula-
tion SD17 was able to decrease the production of pro-inflamma-
tory cytokines and HSP70 and improved hypoglycaemia and
hypovolemia conditions caused by sepsis. These results should
stimulate further in vivo studies, needed to clarify the effect of
curcumin, especially on NO production during sepsis.
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