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Royal jelly (RJ) is a gelatinous secretion from young nurse worker bees (Apis mellifera), which
serves as the sole food for the queen bee. Because of its pleiotropic functions for queen bees, RJ
has also been used as a dietary supplement with various health benefits for humans. Because RJ is
being indicated to have immunomodulatory potential for humans, we undertook the study to determine whether the oral administration of RJ could alter the development of systemic autoimmunity
in New Zealand Black (NZB) × New Zealand White (NZW) F1 mice that genetically exhibit many
manifestations similar to human systemic lupus erythematosus (SLE). We herein reported that mice
administered with RJ showed a significant delay in the onset of the disease, as manifested by
decreased proteinuria and a prolongation of lifespan. In addition, RJ administration after the
onset of the disease significantly improved the renal symptoms, leading to an extended lifespan.
RJ administration to mice caused a significant decrease in the serum level of IL-10, and in the
autoantibodies against ssDNA, dsDNA and erythrocytes, as well as a reduction in the number of
splenic autoreactive B cells. In conclusion, our data suggest that the use of RJ may be beneficial in
the prevention of the early onset of SLE and in the control of the active progression of the manifestations of SLE. Lupus (2009) 18, 44–52.
Key words: autoantibodies; autoreactive B cells; NZB × NZW F1 mice; royal jelly; systemic lupus
erythematosus

Introduction
Royal jelly (RJ) is the milky-white gelatinous substance secreted from the cephalic glands of nurse
worker bees (Apis mellifera) for the sole purpose of
stimulating the growth and development of the
queen bee. The queen bee fed RJ can develop superior
characteristics of size, strength, stamina and longevity.
The queen bee can live for 5–7 years, whereas the
worker bees live for only about 35–40 days.
Because of the presence of a variety of biologically
active compounds, such as free amino acids, simple
sugars, proteins, short chain hydroxy fatty acids,
trace elements and vitamins, RJ is believed to be a
functionally active supplement, not only for the bees
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but also for humans.1–3 In addition to its use as a
dietary supplement, RJ has been reported to be associated with many health-promoting properties,4–9
such as cancer prevention, cholesterol reduction and
wound healing, as well as anti-fatigue, antihypertensive and antibacterial effects. In addition to these
physical effects, several reports have also interestingly
postulated that RJ has immunomodulatory activities.
For instance, the immunomodulatory properties of
RJ through the stimulation of antibody production
and immunocompetent cell proliferation in mice
have been described.10 Kohno, et al.11 reported that
the anti-inflammatory action of RJ was generated
through the inhibition of proinflammatory cytokine
production by macrophages. The fatty acids in RJ
were suggested to modulate the immune responses in
rats through affecting their dendritic cells.12 Reports
providing experimental evidence of RJ suppression of
type-I allergic reactions have also been published.
Another report showed that the suppression of allergic
reactions by RJ was associated with the restoration
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of macrophage function and Th1/Th2 cytokine
responses.13 The oral administration of RJ is also
known to inhibit the development of atopic dermatitis–like lesions in mice.14 However, almost nothing is
known about the influence of RJ on autoreactive allergic responses.
Systemic lupus erythematosus (SLE) is a multisystem chronic autoimmune disorder characterised by
circulating antigen–antibody complexes. A number
of self-antigens, such as dsDNA (double-stranded
DNA), ssDNA (single-stranded DNA), histones,
ribonuclear proteins, erythrocyte membrane antigens
and so on, are considered to participate in the immune
complex formation. The conventional treatment of
SLE with potent immunosuppressive drugs is accompanied by hazardous side-effects. Therefore, it is
suggested that alternative strategies be developed to
allow a reduction in the dosage and/or to diminish
the toxicity of the medications used in the treatment
of SLE. Additional studies to explore effective new
alternative approaches are anticipated. The present
study aims to address the effects of RJ on autoimmunity, using a genetically SLE-prone mouse model
(NZB × NZW F1), which exhibits many manifestations similar to human SLE, including a female
predominance of onset, immune complex–mediated
glomerulonephritis with proteinuria and antinuclear
autoantibody production.

Methods
Mice
SLE-prone (NZB × NZW) F1 female mice, 6 weeks
old, were purchased from Japan SLC Inc. (Shizuoka,
Japan). The mice are known to be SLE model mice,
which spontaneously develop SLE-like manifestations, and almost all mice die within a year.15 The
mice were maintained under specific pathogen-free
conditions during the experiments. The experiments
were performed according to the ethical principles
and guidelines established by the University of the
Ryukyus for the care and use of experimental animals.
RJ and administration regimens
Native RJ produced by Yamaguchi’s organic beeculture16 was provided by Japan Royal Jelly Co. Ltd
(Tokyo, Japan). The RJ was diluted in phosphate
buffered saline (PBS) and 30 μL of diluted RJ solution
containing 2.0 mg of protein was orally administrated
to each mouse with administration regimens of daily,

or twice or thrice weekly. The control mice were treated by the same regimens with RJ-free PBS.
Urinary protein measurement
Proteinuria was measured semiquantitatively by
impregnating woolpaper test strips with urine
(Uropaper-III, Eiken Chem. Co. Ltd, Tokyo,
Japan). According to the manufacturer’s instructions,
the colour change of the strip infiltrated with the urine
sample was visually judged against a standard strip
and scored from 0 to 4+. The urinary protein content
was graded according to the score as follows:
0 = <15 mg/dL, 1+ = 30 mg/dL, 2+ = 100 mg/dL,
3+ = 300 mg/dL and 4+ = 1,000 mg/dL. The mice
that showed proteinuria of over 100 mg/dL on
two successive occasions in a week were considered
to have developed nephritis.
Serum collection and cell preparation from spleen
Tail snip blood samples were collected from each
mouse into capillary tubes and the sera were separated
for the estimation of autoantibodies. The splenocytes,
used to measure autoreactive B cells by enzyme-linked
immunospot assays (ELISPOT), were prepared as follows. The mice were killed by total bleeding through a
cardiac puncture and the spleens were excised from
the mice. The splenocytes were harvested in a cold
Eagle’s Minimum Essential Medium (MEM) by
mincing and forcing through a 200-gauge stainless
steel mesh. The resulting cell suspension was centrifuged and the cell pellet was resuspended in a haemolysing solution consisting of 155 mM NH4C1, 10 mM
KHCO3, 1.0 mM EDTA-Na and 170 mM Tris (pH
7.4) to remove the erythrocytes. After washing twice,
the cells were suspended in Eagle’s MEM to adjust to
concentrations of 5 × 106 and 2 × 106 cells/mL.
Single-stranded DNA (ssDNA) and double-stranded
DNA (dsDNA) ELISA
The serum IgG antibodies, reactive with ssDNA and
dsDNA, were determined by ELISA kits purchased
from Alpha Diagnostic International (San Antonio,
Texas, USA). All ELISAs were performed according
to the manufacturer’s instructions. Briefly, 100 μL of
each of the diluted serum samples, as well as the negative and positive controls, were added to the ssDNA/
dsDNA pre-coated wells of a plastic microplate. The
plate was then incubated for 30 min at room temperature (approximately 23 °C). After washing three times
with the washing buffer, 100 μL of horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG was
added to each well and the plate was further incubated
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for 30 min. After incubation, the wells were washed
five times and 100 μL of a given substrate solution
(3,3′,5,5′-tetramethylbenzidine base) were added to
each well. The colour was allowed to develop for
15 min at room temperature and the reaction was
stopped by adding 100 μL of stop solution to each
well. The absorbance was measured at 450 nm using
a microplate reader (Bio-Rad, model 550, Shinagawa,
Tokyo, Japan). The antibody index for the ssDNA
and dsDNA autoantibodies was calculated as follows:
(absorbance of the test sample minus absorbance of
the negative control divided by absorbance of the positive control minus absorbance of the negative control) × 100. The indices for the ssDNA and dsDNA
autoantibodies were prepared for the confirmation
as to the positivity of the test samples. The minimum
threshold value for an index was calculated according
to the manufacturer’s instructions. The antibody indices greater than 5.9 and 6.4 were considered positive
for the ssDNA and dsDNA binding autoantibodies,
respectively. The positive and negative controls were
supplied with the kit. However, the sources of the
positive and negative controls were not stated in the
manufacturer’s instructions.
ELISA for detection of anti-erythrocyte autoantibody
For the preparation of the erythrocyte ghost membrane antigens, heparinized blood samples were collected from NZB × NZW F1 female mice by cardiac
puncture. After three washing steps with an excess of
cold PBS, the pellet containing anucleated and nucleated blood cells was resuspended in Eagle’s MEM.
The cell suspension was then passed through a
MEM-equilibrated column packed with fibrous cellulose powder (CF11, Whatman International Ltd,
Maidstone, Kent, England), and the pure erythrocytes collected as elutes were used for ghost membrane preparation after washing twice with cold
PBS. The pellet of the erythrocytes (0.5 mL) was
then suspended in 45 mL of a cold haemolysing
buffer (5.0 mM/L sodium phosphate, 0.5 mM/L
EDTA, pH 8.0) and allowed to undergo lysis for
20 min at 4 °C. The ghost membranes obtained
were washed 6 times with the same buffer at 4 °C
and the pellet was passed through a 22-gauge needle
to assist the lysis of any residual red pellet materials
between the two washing steps. Finally, the ghost
membranes were treated repeatedly by rapid freezing
at −80 °C and thawing to elute the antigens. The
crude antigens prepared as above were used as the
coating antigens for the anti-erythrocyte ELISA.
For ELISA to detect the anti-erythrocyte IgG antibodies, flat-bottomed microplates (Sumilon, Sumi-

tomo Bakelite Co. Ltd, Tokyo, Japan) were coated
with 100 μL/well of erythrocyte ghost membrane
antigens (equivalently adjusted to 25 μg/mL of protein
content in 0.1 M sodium carbonate buffer, pH 9.6)
overnight at 4 °C. After blocking with 1% bovine
serum albumin (BSA)–Tris buffered saline (TBS,
pH 7.4) for 1 h at room temperature and washing with
TBS containing 0.05% Tween 20, 100 μL of the serum
samples of each dilution was allowed to react in each
well for 2 h at room temperature. After washing three
times with the wash buffer, 100 μL of alkaline phosphatase (AP)–conjugated goat anti-mouse IgG (Sigma,
St. Louis, MO, USA) was added to each well at a dilution of 1:5000, and the plates were further incubated for
1 h at room temperature. The plates were finally rinsed
five times and 100 μL of substrate solution (0.1%
p-nitrophenyl phosphate: Sigma Fast™; Sigma) was
added to each well and allowed to develop colour for
20 min. The reaction was terminated by adding 100 μL
of stop solution and the colour absorbance was measured at 405 nm with a plate reader. The pooled sera
from 4-week-old NZW mice, which do not produce
anti-erythrocyte autoantibodies, were used as the negative controls, whereas those from 60-week-old NZB
mice, which spontaneously produce increasing levels
of anti-erythrocyte autoantibodies with ageing, were
used as the positive controls. Although it was possible
to calculate the indices of the test samples, it seemed to
be inappropriate to calculate the minimum threshold
index for the confirmation as to the positivity of the test
samples. Therefore, unlike the anti-ssDNA and antidsDNA autoantibodies, we just showed optical density (OD) values for anti-erythrocyte antibodies rather
than an index.
IL-10 ELISA
Serum IL-10 was determined by a DuoSet® ELISA
Development kit (R & D, Minneapolis, Minnesota,
USA). The assay was performed according to the
manufacturer’s instructions. Briefly, the 96-well
microplate was coated with capture antibody diluted
in PBS and was incubated overnight at room temperature. Following incubation, the plate was washed
and blocked by adding 300 μL of reagent diluent to
each well for 2 h. After washing with the wash buffer,
100 μL of sample or standards in reagent diluent were
added per well and the plate was incubated for 2 h at
room temperature. The plate was then washed and
each well was filled with 100 μL of the detection antibody, diluted in reagent diluent. After incubation for
2 h at room temperature, 100 μL of the working
dilution Streptavidin–HRP was added to each well.
The plate was incubated in the dark for 20 min at
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room temperature. After washing, 100 μL of substrate
solution was added to each well. After 20 min of
incubation, 50 μL of stop solution was added to each
well. Finally, the OD of each well was determined
using a microplate reader set to 450 nm (Bio-Rad,
model 550). The IL-10 concentrations were calculated
by creating a computer generated standard curve.

(GraphPad Software, Inc., San Diego, CA, USA). All
the P values reported were two-sided, and statistical
significance was defined as a P value below 0.05. The
Kaplan–Meier method was used to compare the
survival distributions.

Results
Preparation of dsDNA
Plasmid DNA (pBR322; Takara, Chuo, Tokyo, Japan)
was linearised for an ELISPOT assay by digestion with
restriction enzymes (Pst1, EcoR1, BamH1 and Nde1)
and purified by a plasmid DNA purification kit (LaboPaSS™ Mini; Hokkaido System Science, Hokkaido,
Japan). The linearised dsDNA of plasmid origin was
used for coating the microwell ELISPOT plates for the
detection of anti-dsDNA antibody secreting B cells.
ELISPOT assay
The ELISPOT assays were performed to measure the
autoantibody secreting B cells against ssDNA,
dsDNA and erythrocyte membrane antigen. The
(Polyvinylidene Fluoride), PVDF-bottomed-well
ELISPOT plates (MultiScreen HTS™; Millipore
Co., Massachusetts, Bedford, USA) were preactivated with 15 μL/well of 70% ethanol for 10 min
and then coated with purchased salmon testes ssDNA
(Sigma) and dsDNA prepared as described above.
The erythrocyte membrane antigens prepared for
ELISA were also used for the ELISPOT assay. The
antigens, diluted in sterile carbonate buffer, pH 9.6, or
PBS were applied to each well and incubated overnight at 4 °C. After washing three times with 0.05%
Tween 20-TBS, the plates were blocked with 100 μL/
well of 1.0% BSA solution in TBS for 1 h at room
temperature. Subsequently, the plates were washed
and 100 μL of splenic cell suspension containing
2 × 105 or 5 × 105 cells was applied to each well in
triplicate followed by incubation for 3 h at 37 °C in
a 5% CO2 atmosphere. After vigorously washing
five times with the washing buffer, the plates filled
with AP-conjugated goat anti-mouse IgG were further
incubated overnight at 4 °C. Following the addition
of the one component membrane substrate BCIP/
NBT (5-bromo-4-chloro-3-indolyl-phosphate/p-nitro
blue tetrazolium chloride) and additional 20 to
30-min incubation, the plates were prepared for the
counting of the blue spots microscopically.
Statistical analysis
The statistical significance of the data was determined
by Student’s t-test using a computer software program

Effect of RJ on survival of NZB × NZW F1 mice
To determine whether the oral administration of RJ
could alter the survival time of the mice, the Kaplan–
Meier survival curves were monitored. RJ was
administered orally twice weekly to 8-week-old
mice. As shown in Figure 1, the survival of the mice
administered with RJ was significantly prolonged in
comparison with that of the control mice administered with PBS. For the control mice, the first death
was observed on week 31 followed by the deaths of all
mice by week 39. However, the first death among the
mice administered with RJ was observed on week 39,
and it required 44 weeks for all deaths to occur. The
mean survival time (40.4 ± 2.2 weeks) of the mice
receiving RJ was significantly (P < 0.005) longer
than that (35.2 ± 2.7 weeks) of the control mice.
In the next investigation, we further determined
whether RJ administration after the onset of the
disease could affect the survival time of the mice.

Figure 1 Royal jelly (RJ) administration delayed the onset of
disease and prolonged the lifespan of NZB × NZW F1 mice. Two
groups of seven mice were orally given 30 μL of RJ solution
containing 2 mg of protein twice per week. RJ treatment was
initiated when the mice reached 8 weeks of age and was continued
until all the mice succumbed to death. As a control, RJ-free PBS
was administered with the same regimen. The results were
expressed as percentages of survival to number of mice treated.
The solid line represents the mortality of the RJ-treated mice and
the dashed line represents that of the control mice. A comparison
between the mean survival time of the control mice (35.2 ±
2.7 weeks) with that of the RJ-treated mice (40.4 ± 2.2 weeks)
showed statistical significance with a P value less than 0.005.
Lupus
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For the experiment, RJ administration was started as
a daily regimen after the appearance of a proteinuria
score of 2+ or more in each mouse, and the mean
survival times were calculated from the week starting
the treatment (week 0). The results are indicated in
Figure 2. The prolongation of the survival time of
the RJ mice was also significantly showed in the
experiment. The mean survival time of the mice in the
RJ-treated group was 13.7 ± 6.4 weeks, which was
about 4.2 times longer (P < 0.005) than that
(3.3 ± 1.9 weeks) of the control mice.
Impact of RJ on the degree of proteinuria
Because the degree of proteinuria may serve as an
index of the progression and severity of kidney disease, we investigated whether RJ administration
could affect the degree of proteinuria in the
NZB × NZW F1 mice. The proteinuria was monitored for the mice as mentioned in Figure 1, and the
urinary protein levels were scored as described in
Figure 3. It was apparent that RJ depressed the
manifestation of proteinuria in the SLE-prone mice.
The inhibition of proteinuria was more apparent even
after the onset of renal dysfunction, when the daily
administration of RJ was started after the appearance

Figure 2 Royal jelly (RJ) administration after the onset of SLE
extended the lifespan of NZB × NZW F1 mice. Two groups of
seven mice were treated daily with 30 μL of RJ solution
containing 2 mg of protein. In the experiment, RJ administration
was started after the onset of the disease, when the mice started
showing a proteinuria score of 2+ or more in two successive
occasions in a week. Another criterion on which we conducted
the study was that the mice were of the same age at the start of
the treatment. However, the start of the treatment was not the
same for the entire group. The solid line represents the mortality
of the RJ-treated mice and the dashed line represents that of the
control mice. The difference in the mean survival times between
the RJ-treated mice and the PBS controls (13.7 ± 6.4 weeks vs
3.3 ± 1.9 weeks, respectively) was statistically significant with a
P value less than 0.005.

Figure 3 Diagrammatic illustrations showing a delayed increase in urinary protein excretion by RJ administration to NZB × NZW
F1 mice. The scores of the urinary protein concentrations of the same mice as described in Figure 1 were transitionally monitored at
the indicated times until all deaths occurred.
Lupus
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Figure 4 Diagrammatic illustrations showing the effect of RJ in the well-balanced maintenance of proteinuria after the onset of SLE.
The scores of the urinary protein of the same mice in Figure 2 are represented. In the experiment, RJ administration was performed
daily after the manifestation of urinary protein scores over 2+ on two successive occasions in a week. The scores are represented on
the indicated times (weeks) after the initiation of the treatment.

of 2+ or greater proteinuria (Figure 4). The proteinuria score improved tentatively in some mice after RJ
administration, and showed a tendency to be maintained at a low level in the mice.
Effect of RJ on autoantibody production
The SLE-afflicted mice are known to produce a variety
of autoantibodies. Among the autoantibodies, we
determined the presence of serum autoantibodies
against nuclear DNA and erythrocyte surface antigen.
As to the anti-nuclear autoantibodies, the control mice
showed elevated autoantibody levels against both
dsDNA and ssDNA. However, anti-dsDNA and
anti-ssDNA autoantibody levels were lower in the
RJ-mice on weeks 23 and 27, although the difference
was not significant in the anti-dsDNA autoantibody
levels. However, no difference was observed after
31 weeks of age for both the autoantibodies
(Figure 5A,B). The results for anti-erythrocyte autoantibodies were similar to those of the autoantibodies to
ssDNA (Figure 5C).
To further confirm the above results, the number of
splenic autoreactive B cells to dsDNA, ssDNA and
erythrocyte antigens were determined by ELISPOT
assays in the mice treated thrice weekly for 13 weeks
with RJ. As indicated in Figure 6, the number of antidsDNA, anti-ssDNA and anti-erythrocyte autoanti-

body–producing B cells were lower in the RJ mice
than were those of the control mice. The differences
were statistically significant for each antigen-specific
autoantibody secreting cell, indicating that RJ
administration inhibited the autoimmune responses
at the cellular level.
Effect of RJ on serum IL-10 levels
IL-10 is an important cytokine that is known to be
implicated in the development of SLE. We analysed
whether RJ administration could alter the serum
IL-10 production in female NZB × NZW F1 mice.
At 27 weeks of age, the control NZB × NZW
F1 mice produced 476 ± 62 pg/mL, whereas the
RJ-fed animals produced only 334 ± 62 pg/mL of
IL-10 (Figure 7). That is, RJ administration could
reduce the serum levels of IL-10 significantly
(P < 0.005). The findings suggest that the inhibition
of the SLE symptoms in NZB × NZW F1 mice by
RJ administration might be mediated through
down-regulation of IL-10.

Discussion
The present results report for the first time that the
oral administration of RJ prolongs the lifespan of
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Figure 5 RJ administration caused a decrease in serum IgG autoantibody levels. Sera were collected on weeks 23, 27 and 31 from the
mice in Figure 1 and analysed individually for the autoantibodies to ssDNA (A), dsDNA (B) and erythrocyte surface antigen (C) in the
mice. Each vertical wide bar represents the mean value of the mice and the vertical lines on the wide bars represent the standard
deviations (SD). A P value less than 0.05 was considered to be significant.

SLE-prone NZB × NZW F1 mice. The prolongation
of the lifespan by RJ was evident not only by the early
initiation of administration before the onset of the disease but also by the late treatment after the disease
developed.
In these mice, the prolongation of the lifespan was
closely associated with the development of proteinuria.
The appearance of proteinuria was apparently delayed
by the early administration of RJ before the onset of
the disease. In addition, RJ was effective in suppressing
the progression of disease symptoms even when it was
administered after the onset of the disease. The longterm maintenance of moderate levels of proteinuria by
RJ resulted in a prolonged survival of the mice. The
results show that RJ is effective not only in the prevention of the onset and the progression of the disease but
also in the improvement of its manifestations.
The disease in the mouse model is known to be
related to the high level of production of various autoantibodies. Our present data showed that the inhibitory effect of RJ on the onset or progression of the

disease might be due to a significant decrease in the
levels of different types of serum autoantibodies, especially the anti-ssDNA and anti-erythrocyte autoantibodies. Using the ELISPOT assays, we identified the
spleen as the major organ for generating the autoreactive B-cell response in murine SLE and also found that
RJ could result in a significant reduction in the
number of autoreactive cells in the spleen, indicating
that RJ administration inhibited the autoimmune
response, not only in the serum autoantibody level
but also in the number of autoreactive B cells. The
inhibition of autoantibody production, however, was
limited to the early stage, before the onset of the disease. No difference was observed in the late stage
when the mice were over 30 weeks of age. Obviously,
we cannot rule out the possibility that the decrease in
autoantibody production could be the result of a
reduction in hypergammaglobulinemia as a consequence of kidney damage because we previously
observed a decreased serum γ-globulin level in the
late stage of the disease with serious nephritis in the
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Figure 7 Royal jelly (RJ) inhibited serum IL-10 levels in
NZB × NZW F1 mice. IL-10 levels were measured by ELISA
and the differences in the serum IL-10 levels between the RJtreated mice and the control mice were compared. Sera were
collected from 27-week-old mice. The white bars indicate the
results for the control group and the solid black bars indicate
those of the RJ-treated group. The results represent the mean
± SD of seven mice. A P value less than 0.05 was considered to
be significant.

Figure 6 RJ administration caused a decrease in the number of
splenic autoreactive B cells. Groups of five NZB × NZW F1
female mice aged 10 weeks received RJ thrice weekly for
13 weeks. The mice were then killed to collect splenocytes for an
ELISPOT analysis. The absolute number of autoreactive splenic
cells to ssDNA, dsDNA and erythrocyte surface antigen were
calculated. The data are represented as the means ± SD of the
mice in each group. A P value less than 0.05 was considered to
be significant.

model mouse.17 However, the significant inhibition of
splenic autoreactive B-cell responses to ssDNA,
dsDNA and erythrocytes by RJ treatment may provide a possible explanation as to why autoantibody
production was inhibited in the RJ-treated mice.
Namely, the inhibitory effect of RJ on the production
of autoantibody was truly because of its action on the
regulation of antibody secreting B-cell responses, but
it was not because of a reduction in hypergammaglobulinemia caused by nephritis. Our findings are consistent with the previously published report showing
suppression of T-cell–mediated antibody production
by RJ in rats.18
However, although the number of autoreactive B
cells for all tested autoantibodies was reduced signifi-

cantly in the RJ-treated mice, it was not statistically
reflected in the serum level of anti-dsDNA IgG
autoantibody. Therefore, we speculated that other
mechanisms might also be involved in the RJmediated inhibition of SLE symptoms. With this end
in view, we also measured the serum IL-10 levels. It was
found that RJ administration caused a significant
decrease in the serum IL-10 levels, which are gradually
elevated with an increase in age in the NZB × NZW F1
mice. Because IL-10 has been reported to be associated
with the development of SLE, the decrease in IL-10
levels by RJ administration may contribute to the amelioration of the disease symptoms.
At any rate, the findings thus provide new evidence
that RJ may provide benefit to persons at risk for
SLE, as well as those in the early stages of the disease.
That is, RJ may be beneficial as a dietary supplement
for those who are at risk of developing SLE, or as an
adjunct to conventional medications for the treatment
of SLE. The beneficial effects of RJ on the clinical
manifestations of SLE may have a possible association with the down-regulation of the levels of different
cytotoxic autoantibodies, as well as IL-10. The therapy of SLE with conventional treatment approaches
requires high doses of immunosuppressive agents
given over prolonged time-periods and is sometimes
questionable in terms of safety issues and the degree of
variability in the results. Therefore, it is suggested that
Lupus
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alternative strategies are required to reduce the dosage
and/or diminish the toxicity of the potent immunosuppressive drugs.19 This is why alternative treatment
methods, such as the use of vitamins, fatty acids and
some Chinese herbal medicines, have attracted a great
deal of recent attention.20–22 In this respect, the present study may deserve the attention of the clinicians
who treat patients with SLE.
RJ has been reported to possess several pharmacological activities including anti-allergic, antiinflammatory and immunomodulatory properties.
Thus, the protective action of RJ against autoimmune
diseases may be attributable to the effect of several
ingredients of RJ on the immune system. The antiinflammatory action of major RJ protein 3 (MRJP3)
through the inhibition of proinflammatory cytokines,
such as TNF-α, IL-6 and IL-1 has been reported.11
Although several case reports demonstrating the role
of RJ in the induction of asthma and anaphylaxis have
been reported,23,24 reports providing experimental
evidence on the effect of RJ in the suppression of
allergic reaction through the restoration of macrophage function and Th1/Th2 cytokine responses
have also been published.13 In addition, a recent
report showed that purified RJ fatty acids, namely
10-hydroxy-2-decanoic acid (10-HAD) and 3,10dihydroxy-decanoic acid (3,10-DDA) possessed
immunomodulatory activities in vitro manifested generally by the DC-dependent inhibition of allogeneic
T-cell proliferation and IL-2 production, as well as
the suppression of the antigen-specific immune
response in vivo.12 Conversely, RJ has been reported
to be associated with immunostimulatory functions
through the induction of proinflammatory cytokine
production.25 On the basis of the contents of the
previously published reports and our findings in this
study, we therefore hypothesise that the protection of
mice against SLE by RJ, as manifested by a prolongation of lifespan associated with the amelioration of
disease activities, may be a balancing action of
different RJ ingredients favouring the host.
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