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ABSTRACT ARTICLE HISTORY
Black rice has been known for its many beneficial effects to our body Received 24 October 2016
because it contains several chemical compounds that act as anti- Accepted 15 May 2017
inflammatory agents. This study aims to compare the anti-

mﬂammatory activity of ethanol. extract and aqueous extract of Archorgnive Biack tioe:
black rice. Anti-inflammatory activity test was performed in vitro cytokine; flow cytometry;
on splenocytes of diabetes mellitus mice model as the control of | g0 onon
inflammation. Cells were cultured in Roswell Park Memorial

Institute medium with 10% fetal bovine serum, anti-CD3 and

lipopolysaccharide and black rice extract 50, 100 and 200 pg/mL.

In day 3, cells were harvested, stained and analyzed by flow

cytometry. The result shows that the ethanol extract and aqueous

extract of black rice have anti-inflammatory activity. 50 pg/mL

black rice aqueous extract has the most extensive anti

inflammatory activity indicated by increased T..q cells, decreased

nuclear factor kappa B activity on CD4', CD8' T cells, decreased

production of TNF-a by CD4' T cells, decreased production of IL-6

and IFN-y by macrophages.

KEYWORDS

introduction

Inflammation is one of the main responses of the immune system against infection and irri-
tation. It is promoted by chemical factors such as histamine, bradykinin, serotonin and the
prostaglandins. These chemical factors are released by inflammation-mediating cells that act
in the immune system to protect tissue from infection. Prolonged inflammation (called
chronic inflammation) can lead to various diseases such as autoimmune diseases, diabetes
mellitus, cardiovascular diseases, pulmonary diseases and cancer (Dwijayanti, Dijati, &
Rifa’i, 2015; Yen et al,, 2006). Therefore, chronic inflammation must be treated immediately
to prevent these dangerous diseases. Aggarwal, Shishodia, Sandur, Pandey, and Sethi (2006)
note that chronic inflammation is related to cytokine, chemokine and adhesion molecule
expression. Pro-inflammatory cytokines, such as IL-1, TNF-a, IFN-y, IL-6, IL-8 and IL-
11, play roles in mediating chronic inflammation and are produced predominantly by
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activated macrophages and CD4" T cells and mediated by the activation of nuclear factor
kappa B (NF-xB) (Dwijayanti, Widodo, Ibrahim, & Rifa’i, 2016; Liang, Zhou, & Shen, 2004).

Rice is a staple food in many Asian countries. Generally, there are three major kinds of
rice grown in this region, white rice (Oryza sativa), brown rice (O. glaberrima) and black
rice (O. sativa var. indica). Black rice has an abundance of phenolic compounds compared
to white rice, a number of which are associated with the antioxidant activity. Phytochem-
ical extracts of red rice and black rice extracts contain an alkaloid, flavonoids, terpenoids,
tannins, quinones and nine types of anthocyanin.

A recent study showed that anthocyanin is one of the most powerful antioxidants in
rice. The pigment of black rice is the strongest among the other colors of rice. This
pigment is also rich in flavonoids, and the levels are five times more than in white rice.
Flavonoids are phenolic compounds that act as antioxidants and prevent damage by
free radicals (Dwijayanti et al, 2016). Both anthocyanins and flavonoids can donate
hydrogen ions, capture free radicals directly, repair DNA, repair damaged cells and stimu-
late the activity of immunocompetent cells. According to Min, Ryu, and Kim (2010), black
rice may have the ability to exhibit antioxidant, anti-inflammatory, anti-degranulatory,
anti-anaphylactic, anti-scratching and anti-allergic effects.

As describe before, black rice is generally consumed directly as staple food so in this study
we used a crude extract, both aqueous and ethanol, to be more applicable in the community.
Ethanol is a semipolar solvent that can dissolve polar and non-polar compounds in black rice
so that the active substance suspected of more than the aqueous extract that is able to dissolve
only polar compounds. However, there are a few reports comparing the anti-inflammatory
effects between aqueous and ethanol extract of organic black rice native to Indonesia. There-
@re, we investigated the anti-inflammatory effects of Indonesian organic black rice against

NEF-a, IFEN-y and IL-6 cytokines produced by immunocompetent cells in vitro.

Method
Splenocyte cells’ culture

The spleen was isolated from both healthy mice and a mice model of diabetes mellitus (DM),
and then washed with phospho-butfered saline (PBS). Cells were isolated from the spleen by
crushing it in PBS. The homogenates were centrifuged at 2500 rpm, 10°C, for 5 min. Super-
natant was discarded, and the pellet resuspended in 1 mL of medium. The splenocytes were
then cultured in plate culture, in Roswell Park Memonal Institute (RPMI) 1640 medium
supplemented with 10% fetal bovine serum (FBS), and 1% Penicillin and Streptomycin
and 2-Mercaptoethanol (2-ME) at 1 pL/10 mL medium. The stimulant anti-CD3 and lipo-
polysaccharide (LPS) were added to the medium at 10 pL and 2 pl./mL medium, respect-
ively. The cells were divided into four treatment groups: normal group; DM group;
ethanol extract of black rice (BE) group with doses of 50, 100, 200 pug/mL; aqueous
extract of black rice (BA) with doses of 50, 100, 200 pg/mL.

Flow cytometry analysis

After the incubation period, the cells were harvested and centrifuged at 2500 rpm, 10°C, for
5 min. The pellet was resuspended in 1 mL of PBS and divided into four microtubes and
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centrifuged. The supemnatant was discarded and pellets were stained with conjugated anti-
bodieggThe combinations of antibodies were: (1) Fluorescein isothiocyanat (FITC)-conju-
gatedgrat anti-mouse CD4, Phycoerythrin (PE)-conjugated rat anti-mouse CD25 and PE/
Cy5-conjugated rat anti-mouse (J@62L; (2) FITC-conjugated rat anti-mouse CD4, PE-con-
jugated @t anti-mouse CD8 and PE/Cy5-conjugated rat anti-mouse NF-kB; (3) FITC-con-
jugated rat anti-mouse CD4, Pjis conjgzated rat anti-mouse IFN-y and PE/Cy5-conjugated
rat anti-mouse TNF-a and (4) FI'TC-conjugated rat anti-mouse CD11B@PE- conjugated rat
anti-mouse IFN-y, PE/Cy5-conjugated rat anti-mouse NF-xB and APC-conjugated rat anti-
mouse IL-6. Cells were stained with extracellular antibodies and then incubated for 20 min
in the ice box. A total of 50 pL of cytosis/cytoplasm fixative solution was added and incu-
bated for 20 min in the ice box. Alternatively, 500 uL of washperm washing solution was
added and then centrifuged. The supernatant was discarded, while pellets were stained
with intracellular antibodies and then incubated for 20 min in the ice box. A total of
500 pL of PBS was added to both the cells that had been incubated with either the extracellu-
lar or the intracellular staining procedure. Each sample was transferred into a flow cytometry
cuvet and then the amount of binding analyzed by flow cytometer.

Data analysis

Data were analyzed using BD cellQuest PRO™ software then tabulated and analyzed stat-
istically. One-way ANOV A was used for statistical analysis with a significance level of 0.05,
and then followed by the Tukey’s test for pairwise comparisons.

Result
Pro-inflammatory cytokine

INF-a, IFN-y and IL-6 are included among the group pro-inflammatory cytokines that
can cause chronic inflammation (Dwijayanti et al.,, 2015). As shown in Figure 1, this
study showed that the relative amount of TNF-a and IFN-y secreted by CD4™ T cells,
and IL-6 and IFN-y secreted by macrophages (CD11b"), was significantly increased
(p <.05) in inflammatory conditions when compared to the control. Aqueous extract of
black rice (BA) at a concentration of 50 ug/mL decreased the relative amount of TNF-a
secreted significantly (p <.05) compared to inflammatory conditions and equivalent to
normal conditions (Figure 1(A)). BA at 200 ug/mL also decreased the relative amount
of the cytokine TNF-a significantly (p <.05) compared to inflammatory conditions, but
these numbers were not equal to normal conditions (p>.05). Figure 1(B) shows that all
concentrations of both the ethanol and aqueous extracts decreased the amount of [FN-
Yy cytokines in inflammatory conditions significantly. But they were still lower (p<.05)
when compared with normal conditions. Furthermore, the ethanol extract of black rice
(BE) at a concentration of 100 pug/mL and BA at a concentration of 50 and 200 pug/mL
decreased the relative number of macrophages producing IL-6 and IFN-y (Figure 1(C, D)).

Nuclear factor kappa B (NF-kB)

The occurrence of inflammation was characterized by an increase in NF-xB transcription
factors (Liang et al., 2004). According to Aupperle et al. (2001) and Lawrence (2009), the
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Figure 1. Stimulation of black rice extract was able to decrease the expression level of pro-inflamma-
tory cytokine: (A) TNF-a produced by CD4" T cell; (B) IFN-y produced by (D4 T cell; (C) IL-6 produced
by macrophages; (D) IFN-y produced by macrophages. Spleen was isolated from healthy mice and a
mice model of DM then cultured in RPMI medium with 10% FBS, anti-CD3 and LPS for three days.
On day 3, cell cultures were harvested and analyzed using flow cytometry. The pro-inflammatory cyto-
kines were presented in relative number. Data are mean + SD in each group with p-value < .05. *p < .05

vs. normal; **p <.05 vs. DM.
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NF-xB pathway is considered as the initiator of pro-inflammatory pathway because NF-xB
promotes the expression of pro-inflammatory genes, including cytokines, chemokines and
adhesion molecules. As shown in Figure 2, the relative amount of NF-xB in CD4" T cells
(A), CD8" T cells (B) and macrophages (CD11b") (C) in splenocytes of DM mice was sig-
nificantly increased (p < .05) compared with normal cells. BE at a concentration of 50 pg/
mL and BA at a concentration of 50 and 100 pg/mL reduced the relative amount of NF-xB
in both T-cell types. BE at a concentration of 100 pg/mL decreased NF-xB onlyin CD8" T
cells. BE ata concentration of 200 pg/mL increased the expression of NF-xB in both the T-
cell types.
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Figure 2. Stimulation of black rice extract was able to decrease the expression level of NFkB on: (A)
CD4" T cell; (B) CD8" T cell; (C) macrophage. Spleen was isolated from healthy mice and a mice
model of DM then cultured in RPMI medium with 10% FBS, anti-CD3 and LPS for three days. On
day 3, cell cultures were harvested and analyzed using flow cytometry. The pro-inflammatory cytokines
were presented in relative number. Data are mean + SD in each group with p-value < .05. *p < .05 vs.
normal; **p < .05 vs. DM.
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BE at a concentration of 200 pg/mL and BA at a concentration of 100 pg/mL showed a
decrease in the relative amount of NF-kB expression by macrophages that was equivalent
to normal conditions (Figure 2(C)). This shows that BE at a concentration of 200 ug/mL
and BA at a concentration of 100 ug/mL play an essential role in the process of quieting
inflammation, which is mediated by macrophages through the inhibition of their NF-xB
pathway, although BE at a concentration of 100 pug/mL and BA at concentrations of 50 and
200 pg/mL did not significantly affect the NF-kB pathway inhibition. Hansen et al. (2012)
explains that inflammation is mediated by the NF-xB transcription factor as it activates C-
jun kinase, and then activating protein 2 (AP2) acts as signal transducer and activator of
STAT3/4/5 transcription. Figure 1we suspect that BE at a concentration of 100 pg/mL and
BA at a concentration of 50 and 200 pg/mL were targeted by one of the three transcription
factors mentioned above.

Regulatory T cells { P

T\eq cells are a type of T cells that play an important role in the immune system. T, cells
regulate the performance of T helper cell (Th) and T cytotoxic cell (Tc) effectors. This
regulation causes effector cells to not work reactively and not secrete cytokines (Rifa’i,
2014; Sakaguchi, Wing, Onishi, Prieto-Martin, & Yamaguchi, 2009). Under these con-
ditions, T, cells are one of the cells that contribute to the quieting of the inflammatory
process. In this study, the number of T, cells decreased significantly in inflammatory
conditions (DM) compared to controls (p <.05). All concentrations of both types of
extracts tended to increase the number of T, cells significantly (p<.05). However,
only BA at a concentration of 50 pg/mL was not significantly different from normal con-
ditions (Figure 3).

The impact of black rice extract on spleen cell viability

Viability cell in culture condition was observed by monitoring the percentage of living
splenocytes by flow cytometry. This study proved that black rice extract, both ethanol
(BE) and aqueous (BA) extract, have no toxicity effect although applied with highest
dose (200 pg/mL) because both relative and absolute numbers of cells at all of doses
were not significantly different compared to the control (Figure 4).

Discussion

It has long been known that black rice is rich in anthocyanins. Anthocyanins are the most
popular antioxidant, anti-inflammatory and anti-cancer (Im et al., 2016; Liu, Chen, Li, &
Sun, 2016). Anthocyanins are polar-solvents-soluble because of the hydroxyls and sugars
attached. Therefore, generally it is extracted by methanol, ethanol or water (Hou, Qin,
Zhang, Cui, & Ren, 2013; Welch, Wu, & Simon, 2008). The polarities of solvents deter-
mine the type and amount of compounds that can be extracted from the material. They
will extract the same or similar polarity compounds. Furthermore, the different type
and amount of compounds will result in different activities. Thus we want to compare
the anti-inflammatory activity of ethanol extract and aqueous extract of black rice and
in this study we have proved that there are some different activities between them.
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Figure 3. Stimulation of black rice extract was able to increase the relative number of Regulatory T cell
(Treg)- Spleen was isolated from healthy mice and a mice model of DM and then cultured in RPMI
medium with 10% FBS, anti-CD3 and LPS for three days. On day 3, cell cultures were harvested and
analyzed using flow cytometry. Percentages of CD4" CD25" cells positively expressed CD62L molecule
were presented in relative number. Data are mean + SD in each group with p-value < .05.

The most common free radical present in inflammatory situations is a radical form of
oxygen commonly known as ROS (reactive oxygen species). Increased ROS in the body
will cause oxidative stress (Hansen et al,, 2012). Lamb and Goldstein (2008) describe oxi-
dative stress causing an inflammatory response through activation of JNK, NF-kB and
p38MAPK. Therefore, antioxidant compounds may be associated with an anti-inflammatory
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Figure 4. Black rice extract did not have cytotoxicity effect on splenocyte. Spleen was isolated from
healthy mice and then cultured in RPMI medium with 10% FBS, anti-CD3 and LPS for three days.
On day 3, cell cultures were harvested and analyzed using flow cytometry. Percentages of living
cells were presented in relative number. Data are mean + SD in each group with p-value < .05.
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response. BE at a concentration 50 pg/mL resulted in a decrease in NF-xBin CD4" and CD8’
T cells. BE 100 pg/mL reduced NF-xB in CD8" T cells and decreased the production of cyto-
kines IL-6 and IFN-y by macrophages (CD11b). BE 200 pg/mL specifically suppressed NF-
kB in macrophages, because at this concentration NF-kB in CD4" and CD8" T cells
increased. BA at 50 pg/mL had the most extensive anti-inflammatory activity among five
other treatments; at this concentration T, cells increased, NF-xB in CD4" and CD8" T
cells decreased, production of cytokine TNF-a by CD4" T cells decreased and production
of cytokines IL-6 and IFN-y by macrophages also decreased. BA 100 pg/mL inhibited NF-
kB in CD4" T cells, CD8" T cells and macrophages. BA 200 ug/mL reduced cytokines IL-
6 and IFN-y, produced by macrophages. According to Rifa’i and Widodo (2014), increasing
the production of IFN-y in DM mice resulted from activated immune cells. Consistent with
that found by Koarada, Wu, Olshansky, and Ridgway (2002), IFN-y level increased as a result
of autoreactive CD4" T cells. However, it does not rule out the possibility that the decreasing
levels of pro-inflammatory molecules can be directed to improving the Th1/Th2 ratio. The
balance of Thl and Th2 ratio are thought to be responsible for coordinating the immune
system (Kidd, 2003).

Min et al. (2010) showed that black rice has an anti-inflammatory activity by inhibition of
pro-inflammatory cytokines such as TNF-a and IL-1p and inflammatory mediators such as
NO, prostaglandin E2, iNOS and COX2. According to Park, Kim, and Chang (2008), the
anthocyanins in black rice are cyanidin 3-O-glucoside, peonidin 3-O-glucoside, mal-video
3-O-glucoside, 3-O-glucoside pelargonidin and delphinidin 3-O-glucoside. The dominant
anthocyanins are cyanidin 3-O-glucoside (95%) and peonidin 3-O-glucoside (5%). Min
et al. (2010) further explains that cyanidin 3-O-glucoside can prevent IkBa phosphorylation
and MAPK. IxBa is one type of NF-kB inhibitor that is phosphorylated in stress conditions.
When phosphorylated, IxB is degraded, affecting NF-xB activation, automatically moving
NF-xB into the nudeus of the cell. Caamano and Hunter (2002) further explain that NF-
kB targets genes including those that encode cytokines such as IL-1, IL-2, IL-6, IL-12,
TNF-q, LTa, LTP and GM-CFS; adhesion molecules such as intracellular adhesion, vascular
cell adhesion and endothelial leukocyte adhesion molecules; chemokines such as 1L-8; acute
phase proteins such as SAA; as well as enzymes such as iINOS (indudble nitric oxide
synthase) and COX-2 (Cyclooxygenase-2). Under these conditions, the presence of black
rice components that prevent phosphorylation of IxkBa will also prevent activation of
genes that play a main role in the inflammatory process.

Conclusion

This study demonstrated that both ethanol extract and aqueous extract of black rice have
anti-inflammatory activity. Aqueous extracts, especially at the concentration of 50 pg/mL,
had the most extensive anti-inflammatory activity among the other five treatments, indi-
cated by increased T, cells, decreased NF-kB in T cells CD4" and CD8’, decreased pro-
duction of TNF-a cytokine by T cells CD4" and decreased production of IL-6 and IFN-y
cytokine by macrophages. ,

Disclosure statement

No potential conflict of interest was reported by the authors.




~
Y

FOOD AND AGRICULTURAL IMMUNOLOGY (=) 9

Funding

The authors thank Indonesian Higher Education for funding this research.

Notes on contributors

Ir. Fadjar Kurnia Hartati, MP., got her Master in Agricultural product technology in 2001 from
Brawijaya University, Malang, Indonesia and then became a lecturer in Department of Agricultural
Technology, Faculty of Agriculture, Dr. Soetomo University, Surabaya, Indonesia. Now she is
taking Doctoral degree in Brawijaya University, Malang, Indonesia. Her research interest is Food
Biochemistry and its application.

Prof. Ir. Simon Bambang Widjanarko, M. App. Sc. Ph.D,, got his Ph.D. in Food chemical and bio-
chemical in 1990 from The University of New South Wales, Australia and then became a Professor
in Department of Agricultural Technology, Faculty of Agricultural Technology, Brawijaya Univer-
sity, Malang, Indonesia. His research interest is Food chemical and biochemical.

Dr. Ir. Tri Dewanti Widyaningsih, M.Kes., got her doctoral in Phytochemistry and Functional
Food in 2011 from Faculty of Mathematic and Natural Science, Airlangga University, Surabaya,
Indonesia and then became a lecturer in Department of Agricultural Technology, Faculty of Agri-
cultural Technology, Brawijaya University, Malang, Indonesia. Her research interst is Functional
Food and Nutrition.

Prof. Muhaimin Rifa’i, Ph.D. Med. Sc., got his Ph.D. in Medical Science in 2005 from Nagoya Uni-
versity, Nagoya, Japan and then became a Professor in Biology Department, Faculty of Mathematic
and Natural Science, Brawijaya University, Malang, Indonesia. His research interest is Immunology
and its application.

References

Aggarwal, B. B, Shishodia, S., Sandur, §. K., Pandey, M. K, & Sethi, G. (2006). Inflammation and
cancer: How hot is the link? Biochemical Pharmacology, 72, 1605-1621. doi:10.1016/j.bcp.2006.
06.029

Aupperle, K., Bennett, B. L., Han, Z,, Boyle, D., Manning, A., & Firestein, G. (2001). NF-kB regu
lation by IkB kinase-2 in rheumatoid arthritis synoviocytes. The Journal of Immunology, 166,
2705-2711. doi:10.4049/jimmunol. 166 .4.2705

Caamano, J., & Hunter, C. A. (2002). NF-xB family of transcription factors: Central regulators of
innate and adaptive immune functions. Clinical Microbiology Reviews, 15, 414-429. doi:10.1128/
CMR153.414-429.2002

Dwijayanti, D. R, Djati, M. §., & Rifa'i, M. (2015). Decreasing the expression level of macrophage
cell, pro-inflammatory cytokines and NF-kB by using VipAlbumin® In Vitro. Asian Journal of
Cell Biology, 10(2), 43-56. doi:10.3923/ajcb.2015.43.56

Dwijayanti, D. R., Widodo, Ibrahim, M., & Rifa'i, M. (2016). EMSA eritin polyherbal as an anti-
oxidant can suppress NF-?B activation and decrease 1L-17 cytokine in irradiation mice model.
Food and Agricultural Immunology, 27(3), 422-433. doi:10.1080/09540105.2015.1126233

Hansen, ., Tonnesen, M., Madsen, A, Hagedorn, P., Friberg, ., Grunnet, L., ... Mandrup-Poulsen,
T.(2012). Divalent metal transporter 1 regulates iron-mediated ROS and pancreatic beta cell fate
in response to cytokines. Cell Metabolism, 16, 449-461. doi:10.1016/j.cmet.2012.09.001

Hou, Z,, Qin, P, Zhang, Y., Cui, S., & Ren, G. (2013). Identification of anthocyanins isolated from
black rice (Oryza sativa L.) and their degradation kinetics. Food Research International, 50(2013),
691-697. doi:10.1016/j.foodres.2011.07.037

Im, K, Lee, ]. Y, Byeon, H,, Hwang, K. W, Kang, W., Whang, W_K,, & Min, H. (2016). In Vitro
antioxidative and anti-inflammatory activities of the ethanol extract of eggplant (Solanum mel-
ongena) stalks in macrophage RAW 264.7 cells. Food and Agricultural Immunology, 27(6), 758~
771. doi:10.1080/09540105.2016.1 150427




=y

10 (w) F.K.HARTATIETAL.

/

Kidd, P. (2003). Th1/Th2 balance: The hypothesis, its limitations, and implications for health and
disease. Alternative Medicine Review, 8(3), 223-246. Retrieved from http://www.altmedrev.com/
publications/8/3/223.pdf

Koarada, S., Wu, Y, Olshansky, G., & Ridgway, W. M. (2002). Increased nonobese diabetic Thl:
Th2 (IFN-gamma:IL-4) ratio is CD4+ T cell intrinsic and independent of APC genetic back-
ground. The Journal of Immunology, 169(11), 6580-6587. doi:10.4049/jimmunol.169.11.6580

Lamb, R. E,, & Goldstein, B. J. (2008). Modulating an oxidative -inflammatory cascade: Potential
new treatment strategy for improving glucose metabolism, insulin resistance, and vascular func-
tion. International Journal of Clinical Practice, 62, 1087 -1095. doi:10.1111/§.1742-1241.2008.
01789.x

Lawrence, T. (2009). The nuclear factor B pathway in inflammation. Inflammation biology group.
Cold Spring Harbor Laboratory Press, 1(6), 1-10. doi:10.1 101/cshperspect.a001651

Liang, Y., Zhou, Y., & Shen, P. (2004). NF-xB and its regulation on the immune system. Chinese
Society of Immunology, 1(5), 343-350. Retrieved from http://www.cmiustc.edu.cn/1/5/343.pdf

Liu, W,, Chen, ., Li, Q., & Sun, A. (2016). Inhibitory effects of acylated blueberry anthocyanin on
H22 murine tumors. Food and Agricultural Immunology, 27(4), 509-322. doi:10.1080/09540105.
2015.1129599

Min, S. W, Ryu, S. N, & Kim, D. H. (2010). Anti-inflammatory effects of black rice, cyanidin-3-O-
beta-D-glycoside, and its metabolites, cyanidin and protocatechuic acid. International
Immunopharmacology, 10(8), 959-966. doi:10.1016/j.intimp.2010.05.009

Park, Y. S, Kim, S.-J, & Chang, H.-I. (2008). Isolation of anthocyanin from black rice
(Heugjinjubyeo) and screening of its antioxidant activities. Korean Journal of Microbiology
and Biotechnology, 36(1), 55-60. Retrieved from http://blackriceproject.com/wp-content/
uploads/2015/12/Black-Rice-isolating- Anthocyanins. pdf

Rifa’i, M. (2014). Aspek Biologi Sel T Regulator CD4+CD25+ pada Transplantasi Sumsum Tulang,
Journal of Tropical Life Science, 4(1), 1-9. Retrieved from http://jels.ub.ac.id/index.php/jels/
article/view/124/115

Rifa’i, M., & Widodo, N. (2014). Significance of propolis administration for homeostasis of CD4
+CD25+ immunoregulatory T cells controlling hyperglycemia. Springerplus, 3(526), 1-8.
doi:10.1186/2193-1801-3-326

Sakaguchi, S., Wing, K., Onishi, Y., Prieto-Martin, P., & Yamaguchi, T. (2009). Regulatory T cells:
How do they suppress immune responses? International Immunology, 21(10), 1105-1111.
doi:10.1093/intimm/dxp095

Welch, C. R, Wu, Q., & Simon, ]. E. (2008). Recent advances in anthocyanin analysis and charac-
terization. Current Analytical Chemistry, 4(2), 75-101. doi:10.2174/157341108784587795

Yen, D, Cheung, ., Scheerens, H., Poulet, F., McClanahan, T., McKenzie, B., ... Rennick, D. (2006}.
IL-23 is essential for T cell-mediated colitis and promotes inflammation via I1L-17 and IL-6.
Journal of Clinical Investigation, 116, 1310-1316. doi:10.1172/]CI121404




anti inflamatory

ORIGINALITY REPORT

16, o, 154 4o,

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)
3%
* Carla Renata Serantoni Moysés, Lidiana Flora
Vidéto da Costa, Elizabeth Cristina Perez, José
Guilherme Xavier et al. "Cyclophosphamide
" imunosuppressed Xid mice model clarify the
protective role of B cells in experimental
encephalitozoonosis”, Cold Spring Harbor
Laboratory, 2018

Publication

Exclude quotes Exclude matches

“txclude bibliography



