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Efficacy of Curcumin in the Modulation of Anxiety Provoked by
Sulfite, a Food Preservative, in Rats
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ABSTRACT: Sulfites are used as food preservatives and excessive sulfite might disturb the body systems including the
brain. Curcumin shows protective effects on the nervous system toxicity. The present study aimed to evaluate the protec-
tive role of curcumin in sulfite-induced anxiety in rats. Male rats were divided into five groups. The rats in groups I to V
received distilled water (vehicle of sulfite, 1 mL/d), olive oil (vehicle of curcumin, 1 mL/d), curcumin (100 mg/kg/d), sul-
fite (25 mg/kg/d), and sulfite+curcumin, respectively, by daily gastric gavage for 8 weeks. At the end of 8 weeks the rats
were tested in the elevated plus-maze for anxiety. The results showed that concomitant treatment of curcumin during sul-
fite consumption prevented the reduction of the time spent in the open arm and entrance to the open arm (the indexes of
anxiety). Besides, an increase was found in motor activity of the rats in the sulfite+curcumin group compared to the sul-

fite-treated animals. Exposure of sulfite in rats can induce anxiety, and curcumin can act as an anti-anxiety agent.
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INTRODUCTION

Sulfites are generally used as food and drug preservatives
(1,2). Prior studies have shown that sulfite is basically
dispersed to all body tissues, including the central nerv-
ous system (CNS), by being absorbed in the digestive
tract (2,3). Ingested sulfite salts react with water and
create bisulfite, sulphite, and sulfur dioxide which can
result in toxicity (4,5). Metabolism of the amino acids,
for example, methionine and cysteine that contain sulfur
normally produce considerable endogenous measure of
sulfites in the body (6). Subsequently, human body or-
gans are exposed to sulfites both endogenously and exog-
enously. Both endogenous and exogenous sulfites must
be detoxified in human organs because of their capabil-
ity to cause toxicity due to their reaction with numerous
humoral and cell constituents (7,8). For this reason,
mammalian tissues have sulfite oxidase (SOX), which
shields the cells from sulfite danger by oxidizing sulfite
to sulfate (9,10). SOX deficiency, which is connected with
serious neurological indications, additionally can clarify
the significance of SOX, which detoxifies sulfites. Men-
tal retardation, dislocation of ocular lenses, weakened
growth of hereditary disorders, and progressive enceph-
alopathy are indications of SOX deficiency (11). There-

fore, it can be suggested that nervous tissue is proned to
toxicity of sulfites. Furthermore, it has been shown that
the brain, spleen, and testis tissues have very low SOX
though other organs including the liver, kidney, and heart
have high activities (12,13). In addition, it has recently
been reported that exposure to sulfites can influence the
brain tissue in rodents. For instance, sulfite ingestion
could weaken active avoidance learning in rats (14). An-
other example is hippocampal neuron number reduction
in rats after sulfite exposure (15). In addition, expanded
latencies in both visual and somatosensory induced pos-
sibilities outcomes have been presented after sulfite in-
ward breath (14,16,17).

Curcumin is a major constituent of the yellow pigments
(curcuminoids) in turmeric, and it has different bio-ac-
tivities, including anti-oxidant, anti-inflammatory, anti-
apoptotic, and anti-ischemic properties (18). An expan-
sive number of studies have reported at least ten known
neuroprotective actions of curcumin that might be real-
ized in vivo. However, the entire mechanisms underlying
the neuroprotective properties of curcumin are unclear
(19). Indeed, preceding research demonstrated that diet-
ary curcumin might be a proper candidate to avoid or
treat major neurodegenerative diseases (20). It has been
established in numerous studies that curcumin has anti-
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oxidant, anti-inflammatory, and cholesterol-lowering ac-
tivities involved in the pathogenesis of Alzheimer’s dis-
ease, which is related to behavioral symptoms, like anxi-
ety (21). Also, epidemiological reports in India, a coun-
try where turmeric is extensively used, have shown this
country to have one of the most reduced prevalence rates
of Alzheimer’s disease worldwide (22).

The present study was led to assess anxiety in the rats
exposed to ingested sodium metabisulfite and to deter-
mine the possible protective potential of curcumin using
elevated plus-maze (EPM) (23). Sodium metabisulfite
was considered in this study based on its wide use as a
food preservative. In addition, curcumin was chosen
since it is regularly and widely used as a food additive.

MATERIALS AND METHODS

Animals and treatments

Adult male Sprague-Dawley rats were purchased from
the laboratory animal’s center of Shiraz University of
Medical Sciences, Shiraz, Iran. The experimental proto-
cols carried out on the animals were performed accord-
ing to the requirements based by the Animal Care and
Ethics Committee of Shiraz University of Medical Sci-
ences, Shiraz, Iran (approval No. HSRC-92-816). The rats
at 7~8 weeks of age weighing 250~280 g were ran-
domly divided into five trial groups with every contain-
ing ten animals. The rats in groups I to V received dis-
tilled water (vehicle of sodium metabisulfite, 1 mL/d),
olive oil (vehicle of curcumin, 1 mL/d), curcumin (100
mg/kg/d, Merck KGaA, Darmstadt, Germany), sodium
metabisulfite (25 mg/kg/d, Sigma Aldrich Co., St. Louis,
MO, USA), and sodium metabisulfite+curcumin, respec-
tively. Sodium metabisulphite (6~7 mg) was dissolved
in 1 mL of the distilled water for each animal. Also, cur-
cumin (25~28 mg) was dissolved in 1 mL of the olive
oil for each animal. All the animals received daily gastric
gavage for 8 weeks. Body weights of animals were meas-
ured every two weeks from the start of the treatment
throughout the trial period using an electrical adjust and
a measuring chamber. All measurements were done three
times to guarantee accuracy. It should be mentioned
that the dosage of sodium metabisulfite used in this
study was chosen based on previous studies (14,15,17).
The acceptable dosage of sodium metabisulfite consump-
tion from foods and drinks in a single day or meal is 163
mg/d (2,15,24). The dosage of curcumin was also chosen
by our prior results demonstrating 100 mg/kg/d as the
proper dosage of curcumin without side effects on the
liver and kidney (18,25).

Evaluation of behavior in the elevated plus-maze
The behavioral test was carried out in a trial room, con-

stant noise, and temperature managed environment, and
the animals were permitted to adapt to the trial room. It
should be mentioned that the person who was respon-
sible for the evaluation of anxiety was blind to the trial
conditions of each animal. The elevated plus-maze is a
model of anxiety for rodents. The test setting comprises
of a plus-shaped apparatus with two open and two en-
closed arms, each with an open roof. The model is based
on the rodents’ disgust of open spaces. Anxiety decrease
in the plus-maze is defined by an increase in the time
spent within the open arms (open arms time, OAT) and
an increase in the entries into the open arms (open arms
entries, OAE). The whole number of arm entries and the
number of closed-arm entries are typically employed as
measures of general activity (26). For the EPM test in
this study, the rats were set at the crossing point of the
four arms of the maze. The maze was comprised of two
open arms (50x10 cm) without walls and two opposite
enclosed arms of a similar size with 40 cm walls. The
maze was put 50 cm over the floor in a calm and dimly
lit room. The rats got acclimatized to the trial room for a
minimum of 1 h before beginning the test. The maze
was cleaned after every testing. The animals were set in
the center of the maze confronting an enclosed arm.
Then, the number of entries into the enclosed or open
arms and the time spent in both open and enclosed arms
were recorded for 5 min. The whole number of entries
into both enclosed and open arms was regarded as the
general motor activity (GMA) (26-28).

Statistical analysis

The data were analyzed using analysis of variance
(ANOVA) followed by Tukey’s test by means of the
SPSS statistical software (IBM corporate, Chicago, IL,
USA). All the values are expressed as mean=standard
deviation (SD). Besides, P<0.05 was considered as stat-
istically significant.

RESULTS

According to the data analyses, no significant difference
in body weight gain was observed among the experimen-
tal groups during the trial period (Fig. 1). ANOVA was
performed on the score of the OAT and OAE, as meas-
ures of anxiety. The results revealed a significantly lower
OAT by the sulfite group compared to the sulfite+cur-
cumin group (P<0.01). Furthermore, the sulfite group
revealed a significantly lower OAT compared to the dis-
tilled water group (P<0.01). Nevertheless, no significant
difference was found between the sulfite+curcumin
group and the control groups (Fig. 2).

One-way ANOVA was used to analyse the percentage
of OAE and showed a significantly lower percentage of
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Fig. 1. MeanxSD of the body weight gain from the start of the

treatment throughout the trial period. No significant difference
was found among the experimental groups.
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Fig. 2. Comparison of the meanSD of percentage of the time
spent in the open arms (OAT) in the elevated plus-maze test.
*Sulfite-treated vs, other groups at P<0.01.

OAE by the sulfite group compared to the sulfite+cur-
cumin group (P<0.01). Furthermore, the sulfite group
revealed a significantly lower OAT compared to the dis-
tilled water group (P<0.01). Nevertheless, no significant
difference was found between the sulfite+curcumin
group and the control groups (Fig. 3).

ANOVA was also performed on closed arms and OAEs,
as a parameter reflecting the changes in the GMA. The
results showed significant differences between the sul-
fite group and the sulfite+curcumin group (P<0.01). In
addition, the sulfite group revealed a significant differ-
ence compared to the distilled water group (P<0.01)
(Fig. 4). This demonstrated that concomitant treatment
of curcumin during sulfite consumption prevented the
reduction of the OAT and OAE and increased the motor
activity in the sulfite+curcumin group in comparison to
the sulfite-treated animals. An increase in the OAT is an
index of anti-anxiety behavior of rodents.

DISCUSSION

The present study aimed to assess anxiety in the rats ex-
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Fig. 3. Comparison of the mean+SD of percentage of open arm
entrance (OAE) in the elevated plus-maze test. *Sulfite-treated
vs. other groups at P<0.01.
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Fig. 4. Comparison of the meanxSD of general motor activity
(GMA) in the elevated plus-maze test. *Sulfite-treated vs. other
groups at P<0.01.

posed to ingested sodium metabisulfite and to investi-
gate the possible protective role of curcumin using EPM.
Our present results have demonstrated that exposure to
sulfite can cause anxiety in the rats. The present inves-
tigation is the first to survey such anxiogenic effect pro-
voked by sulfite as a food preservative. Other investi-
gators have reported impairment in avoidance perform-
ance as well as a rise in excitability of spinal reflexes fol-
lowing contact with sulfite (29,30). Furthermore, it has
been proposed that the excitability of neurons in hippo-
campus (31) and dorsal root ganglion (32) increases by
sulfite administration. Also, an in vitro study confirmed
the neuronal loss in the mixed neuronal-glial cell cul-
tures of rats after sulfite treatment (33). Although there
is evidence of the noxious effect of sulfite on the CNS as
mentioned above, the definite mechanism for this effect
is poorly understood. A proposed mechanism for the
neurotoxic effect of sulfite is production of sulfur and
oxygen centered free radicals (34). Another possible
mechanism can be related to a brain harmful metabolite
observed in SOX deficiency and cysteine-S-sulfate. This
agent is produced by the reaction between sulfite and
free cysteine amino acids (35,36). Therefore, our finding
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can be attributed to each of the above mentioned mecha-
nisms.

In the fifth group in the present study, curcumin treat-
ment prevented the behavioral changes in EPM. This find-
ing agrees with the results of our earlier study, which
showed that curcumin modulates anxiety in stress-in-
duced rats (25). The goal of the present survey was not
to find the mechanism of sulfite or curcumin here. Sev-
eral investigations propose pharmacological effects of
curcumin in anxiety. It has been revealed that curcumin
prevents anxiety in sleep-deprived mice. The mechanism
underlying the protective activity of curcumin in this
study was related to the restraint of nitric oxide and oxi-
dative damage (37). In another research, anti-anxiety ac-
tions of curcumin were shown in rats after exposure to
lead (38). This study proposed that a potential alteration
of monoaminergic neurotransmission was included in the
anti-anxiety effects of curcumin. In addition, curcumin
treatment prevented anxiety in stress-induced mice (39,
40). Furthermore, reduction of anxiety, and increase in
brain production of docosahexaenoic acid, an agent ex-
tremely related to anxiety, was observed following cur-
cumin administration in rodents (40).

A part of the protective effect of curcumin in the pres-
ent research might be attributed to its solvent, i.e. olive
oil. Olive oil has a variety of neuroprotective functions,
including scavenging of free radicals, antioxidant func-
tions, and anti-inflammatory properties (41).

The efficacy of curcumin on the sulfite-provoked anxi-
ety may result from a potential corrector activity of cur-
cumin, by elimination or detoxification of agents pro-
duced by sulfites in the nervous tissue. Therefore, fur-
ther studies are necessary to clarify the pharmacological
profiles of curcumin.

In conclusion, the study findings showed that sulfite
treatment at a dose of 25 mg/kg/d for 8 weeks was asso-
ciated with decreased percentage of OAE, OAT (the in-
dicators of anxiety), and locomotors activity in rats. It
was also indicated that curcumin played a protective role
against anxiety provoked by exposure to sulfite.
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