
Adjuvant activity of rice oil on the immune response to ovalbumin

We have evaluated the adjuvant activity of rice oil (RO) on the immune response to ovalbumin (OVA), its depots
and possible side effects at the injection sites. Immunization of mice with OVA emulsified in rice oil (OVA+RO)
resulted in an antibody response significantly higher than that determined in mice immunized with soluble OVA.
In addition, these high antibody levels were observed for a period as long as 6 weeks after immunization. However,
the adjuvant action of RO was significantly lower to incomplete Freund’s adjuvant (IFA). In secondary immune
response, the pattern of OVA-specific antibodies stimulated by RO was predominantly IgG1. Despite of the significant
humoral response enhanced by RO at no time was noted any lesions at the site of injection. Besides, histological
analysis showed that inflammatory reaction caused by RO was mild and transient, suggesting that RO appears to
be a safe, effective and chemically define alternative to IFA in many situations.
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Introduction

Adjuvants such as Freund’s preparations are efficient in
extraordinarily increasing the intensity of the immune
response to a variety of soluble and particulate antigens.
However, the complete Freund adjuvant (CFA) can cause
fever and abscess formation at the site of injection (1), a
situation which renders it unsatisfactory for use in human
and veterinary vaccines (2,3).

In addition, it has been clearly documented that CFA can
also cause sever chronic pain and suffering in small animals
as well (1,4). With advances in many areas of biological
sciences and increasing concern for the welfare of
experimental animals, nowadays the use of CFA has been
restricted and in some countries it is already forbidden for
animals use also. Incomplete Freund adjuvant (IFA) is still
wildly used for veterinary vaccines (5,6). However, IFA also
causes severe and large inflammatory reactions at the
injection sites and consequently economic lose (7,8).
Therefore, whenever possible alternatives to Freund’s
preparations should be used.

Mineral oil is used in CFA and IFA because previous
investigators have been unable to produce stable emulsions
with vegetable oils. One exception is the adjuvant 65 which
uses peanut oil with aluminium monostearate as stabilizer
(9). The efficacy of adjuvant 65 is comparable to that of IFA.
Few years ago, the Silva Lima’s group demonstrated that
stable water-in-oil emulsions can be prepared with soybean,
corn, cotton seed and rice oils (10,11). In this work, we describe
the adjuvant activity of rice oil from Oryza sativa L. on the
antibody response to OVA in mice. We also evaluated IL-4

1

* Prof. Dr. Deijanira Alves de Albuquerque Ph.D. Department of Basic Health Science, Faculty of Medicine, Federal University of Mato Grosso, Avenida Fernando Corrêa da Costa, 2.367 Boa
Esperança, 78.060-900 Cuiabá, Mato Grosso, Brazil. Phone: +55 65 36158847.

and IFN-γ production in mice immunized with OVA+RO or
ovalbumin emulsified in IFA (OVA+IFA), oil deposition and
inflammatory reaction in mice injected with RO emulsified in
saline. The rationale for the use of RO as adjuvant was
fundamentally based on the fact that it is metabolizable and
produces a stable water-in-oil emulsion (11). Besides, RO
has long been used in human dietary without reported side
effects.

Materials and Methods

Animals

The 9-week-old C57BL/6 mice used in this study were
obtained from Oswaldo Cruz Foundation, Salvador, BA. The
animals were kept in micro-isolators and all experiments were
performed according to the institutional ethical guidelines on
the use of animals in research.

Antigen and adjuvants

Ovalbumin, (OVA, grade V) and IFA were obtained from Sigma-
Aldrich Brazil Ltda. Commercial edible RO was obtained from
Bleu VilleR Santalucia S.A. Company.

Emulsion preparation

Water-in-oil emulsions of RO or IFA were prepared according
to Moncada, et al. (12) with a slight modification for the use of
glass syringes. In short: 0.5 mL of soluble OVA (0.1 mg/mL)
was added to 0.5 mL of oil phase and emulsified to a water-
in-oil emulsion. Stability of emulsion of RO or IFA was assessed
by placing a drop of the emulsions onto the surface of distillated
cold water as previous described (13).
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Immunizations

Mice were immunized once with OVA (10 mg) emulsified with
RO or IFA. Control animals received 10 mg of soluble OVA
and 21 days later all mice received one booster with 10 mg of
soluble OVA. All immunizations were done by subcutaneous
(sc) route in a total volume of 0.2 mL per animal. All experiments
were repeated twice.

ELISA assay

Anti-OVA antibodies were assayed by standard ELISA
procedures, as previously described (14). In short, polystyrene
plates (Falcon) were coated overnight at 4 °C with 0.5 mg of
OVA per well, washed with PBS 0.05%-Tween-20, blocked
with 1%-BSA/PBS for 1h at room temperature and coated
with serial dilutions of each mouse antiserum starting at
1/100. After overnight incubation at 4 °C, the plates were
washed, incubated for 1 h at 37 °C with goat antisera to mouse
immunoglobulins (all isotypes, IgG1 or IGg2a subclasses)
conjugated to peroxidase (Zymed), washed and developed
by addition of H2O2 and orthophenylenediamine (OPD). The
reaction was stopped by addition of H2SO4 and read in a
Microplate Reader, Bio-RadR Laboratories. The optical density
(DO) was measured in an ELISA reader at 490nm, the results
are expressed as the means (DO) ± SD.

Ex vivo supernatants

The ex vivo supernatants were obtained from spleens of mice
immunized with OVA+RO or OVA+IFA. Briefly, six weeks after
the primary immunization all mice received a second boost
with soluble OVA (10 mg). Three days latter the animals were
sacrificed, their spleens collected, minced in complete culture
medium (NutricelR) and centrifuged at 4 °C to obtain ex vivo
supernatants.

Measurement of cytokines

Cytokine levels in culture supernatants were determined by
ELISA, using monoclonal antibody pairs and recombinant
cytokines purchased from PharMingenR, as previously
described (15).

Footpad histology

C57BL/6 mice were injected into a footpad with RO emulsified
in saline. The contralateral footpad received only saline and
served as control. Animals received a total volume of 40 mL
into each footpad. Three days latter, the mice were sacrificed,
their feet removed and immersed in 10% phosphate-buffered
formalin for 24 h. Tissues were decalcified, sliced, imbedded
in paraffin and 4 μm sections were stained with hematoxylin/
eosin for light microscopic examination. Evaluations of oily
deposits and possible adverse effects of RO at the injection
sites were done with coded samples in a blind study.

Statistical analysis

ELISA results were analyzed using one-way analysis of
variance (ANOVA) followed by the Tukey test to determine
significant differences among groups. Values of P<0.05 were
considered statistically significant.

Results

Stimulation of OVA-specific antibody response by
RO

To determine the capacity of RO as an adjuvant, C57BL/6
mice (four per group) were immunized sc with OVA+RO
(10 mg/animal). For comparative purposes, mice were injected
with OVA+IFA or received soluble OVA. The mice were bled
weekly and their sera were evaluated for OVA-specific
antibodies by ELISA. Data in Figure 1 show that mice
immunized with OVA+RO developed a secondary antibody
response significantly higher than that of the mice injected

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Antibody response in mice immunized with OVA+RO,
OVA+IFA or soluble OVA. One boost with soluble OVA was used.
All mice were bled weekly and OVA-specific antibodies of all
isotypes were determined in individual serum by ELISA. Results
are shown as mean of OD±SD. * and ** indicate p<0.05.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. IgG1 subclass in sera from mice immunized OVA+RO,
IFA+OVA or soluble OVA. OVA-specific IgG1 in individual serum
were determined by ELISA and results are shown as mean of
OD±SD. * and ** indicate p<0.05.
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with soluble OVA. However, the OVA-specific antibody levels
stimulated by RO were significantly lower than those
stimulated by IFA.

Antibody subclasses stimulated by RO

Sera from mice immunized with OVA+RO were also tested
for the presence of the OVA-specific IgG1 and IgG2a
subclasses. As shown in Figure 2, RO as well as IFA stimulated
high levels of IgG1. Under the same experimental conditions
IgG2a was not detected.

Evaluation of IL-4 and IFN-γ in ex vivo
supernatants

As RO stimulated the OVA-specific antibody response,
including IgG1, we next verified whether this oil would
enhance IL-4 production, since this cytokine plays an important
role on IgG1 synthesis (16,17). The data show that RO as well
as IFA increased IL-4 production (Figure 3A). Under the same
conditions, both adjuvants RO and IFA also enhanced IFN-γ
synthesis (Figure 3B). IL-4 and IFN-γ were undetectable in ex
vivo supernatants from spleens of non immunized mice (data
not shown).

Footpad histology

Since RO enhanced OVA-specific antibody production, IL-4
and IFN-γ, we further investigated whether this oil would
remains at the site of injections. Histological sections from
representative sites of injections demonstrated oily deposits
at the interstitial space (Figure 4A, arrows). We also analyzed
the same sections for inflammatory reaction caused by this
oil. Note that RO induced only a mild inflammatory response,
mainly characterized by influx of leukocytes (Figure 4A). Figure
4B shows a tissue section from a footpad that was injected
with saline alone and served as control.

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. IL-4 and IFN-γ production in mice immunized OVA+RO or OVA+IFA. The levels of IL-4 (A) and INF-g (B) were determined by
ELISA and results are shown as pg/mL.

Discussion

Previous studies have reported that the adjuvant 65, which
contains peanut oil, which is a metabolizable oil, stimulates
antibody response comparable to that of IFA (9). Few years
ago the Silva Lima´s group showed that soybean, corn, cotton
seed and rice oils were able to produce stable water-in-oil
emulsions without adding any stabilizer (10, 11). In this study,
we showed that water-in-oil emulsions of RO subcutaneously
injected in mice remains at the injection sites and cause only
a mild inflammatory reaction. Besides, immunization of mice
with OVA+RO resulted in a secondary antibody response to
OVA that was significantly higher than that observed in mice
injected with soluble OVA. To assess the magnitude of
adjuvant action of RO, mice were immunized with OVA+RO
or OVA+IFA. Analysis of sera from both animal groups showed
that the levels of OVA-specific antibodies enhanced by RO
were significantly lower than those obtained when IFA was
the adjuvant (Figure 1). When comparing adjuvant actions of
RO versus IFA, the lower adjuvant activity of RO may be
accounted for its metabolizable property.

We have also evaluated the subclasses pattern of IgG to OVA
stimulated by RO. The results also showed that, during
secondary response RO preferentially stimulated IgG1
production. In this regard, the action of RO is similar to that
IFA, which mainly stimulates the IgG1 subclass in mice. It has
been previously demonstrated that in mice, IgG1 production
is partially IL-4-independent (18, 19). Other authors have
reported that regarding to the anaphylactic activity of IgG1,
mice produce two subclasses of IgG1: one which is
anaphylactic and IL-4-dependent and the other which is non-
anaphylactic and is IL-4-independent (20). In our study, we
have showed that, under the same conditions RO as well as
IFA enhanced both IL-4 and IFN-γ production by spleen cells
from mice immunized with OVA+RO or OVA+IFA (Figure 3A
and 3B, respectively). As we did not determined whether the
IgG1 stimulated by RO was or not anaphylactic, we would
speculate that RO may elicit both, Th1 and Th2 response.
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Despite of significant adjuvant action of RO, the inflammatory
reaction induced by this oil was mild and transient. This event
also can be accounted for its metabolizable property.

Although our data show that RO enhances IL-4, IFN-γ and
OVA-specific antibodies production, they do not identify
underlying mechanism by which this occurs. At least one
would speculate that RO might be another type of depot-
acting adjuvant. This hypothesis is supported by the fact that
oily depots were observed at the site of injections (Figure
4A).

The observation that RO has adjuvant action on antibody
response in vivo is an important contribution to studies on
the use of metabolizable oils as adjuvants. This oil constitutes
an important addition to the list of vegetable oils already
employed to stimulate antibody response in absence of
mineral oil.
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Actividad Adyuvante del aceite de arroz en la respuesta inmune contra ovoalbúmina

ResumenResumenResumenResumenResumen

Evaluamos al aceite de arroz (AA) como adyuvante para la respuesta inmune de ovoalbúmina (OVA), su depósito
y los efectos colaterales posibles en el lugar de la inyección. La inmunización de ratones con OVA emulsionada
en aceite de arroz (OVA+AA) tuvo como resultado una respuesta de anticuerpos significativamente mayor que la
determinada en ratones inmunizados con OVA soluble. Además, estos altos niveles de anticuerpos se observaron
durante seis semanas después de la inmunización. Sin embargo, la acción adyuvante del AA fue significativamente
menor a la del adyuvante incompleto de Freund (AIF). En la respuesta inmune secundaria, el patrón de anticuerpos
específicos contra OVA, estimulados por AA, fue predominantemente IgG1. A pesar del significativo aumento de
la respuesta humoral inducido por AA, no se observaron lesiones en el lugar de la inyección. Además, el análisis
histológico mostró que la reacción inmunológica causada por AA fue ligera y temporal, sugiriendo que el AA
parece ser una alternativa segura, eficaz y químicamente definida para el AIF en muchas situaciones.

Palabras clavePalabras clavePalabras clavePalabras clavePalabras clave: Aceite de arroz, adyuvantes, respuesta de anticuerpos, vacunas, citoquinas.
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