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Abstract: Objective: This study aimed to investigate the effect of curcumin on the retinal structure and the expres-
sions of interleukin-23 (IL-:23) and IL-17 in the rat retina after retinal ischemia-reperfusion injury (RIRI). Methods:
150 Sprague-Dawley rats were randomly divided into RIRI group (MG), low-dose curcumin group (LDCG) and high-
dose curcumin group (HDCG), (n = 50 per group). RIRI was generated by anterior chamber perfusion of normal
saline to the right eye. The left eye served as a normal control group (NCG). Rats in LDCG and HDCG received an
intraperitoneal injection of 20 mg/kg/d and 100 mg/kg/d curcumin respectively, at 30 min before RIRI and once
daily after RIRI. Results: The morphological changes in HDCG group were improved as compared to MG and LDCG
groups. Immunohistochemistry showed that IL.-23 and IL-17 were mainly expressed in the ganglion cell layer and the
inner nuclear layer of the retina. Low IL-23 and IL-17 expressions were observed in NCG, but increased significantly
in MG and LDCG groups. Western blot assay and ELISA also showed that IL-23 and IL-17 expressions increased
significantly after RIRI (vs. NCG, P<0.01). Moreover, the IL-23 expression reached a peak at 24 h, whereas IL-17 ex-
pression peaked at 72 h after RIRI. Curcumin reduced IL-23 and IL-17 expressions significantly in a dose-dependent
manner (vs. MG, P<0.01). Conclusion: The IL-23 and IL-17 expressions increase after RIRI and curcumin significantly
reduces retinal IL-23 and IL-17 expressions in a dose-dependent manner and is able to prevent the RIRI induced
damage to the retina.
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Introduction expression of inflammation related genes is

activated, thereby resulting in the increased

Retinal ischemia-reperfusion injury (RIRI) is a
common pathological process and can result in
vision loss. It primarily occurs due to reduction
in the intraocular pressure as a consequence
of ocular hypertension, thrombolytic treatment
of retinal vascular occlusion or other ophthal-
mic operations able to affect the retinal blood
flow. Although its mechanism has not yet been
fully elucidated, inflammatory factor-mediated
immune inflammation is particularly involved,
while classic mechanisms such as oxygen free
radical generation, calcium ion overload and
change in nitric oxide concentration also have
roles [1-3]. In the subacute phase of RIRI (sev-
eral hours to several days after RIRI), the

production of interleukin-8 (IL-8), IL-6, tumor
necrosis factor-o (TNF-), interferon regulatory
factor (IRF), nuclear factor-kappa B (NF-kB) and
other inflammatory mediators [3, 4]. These
inflammatory mediators, through a series of
cascade reactions, may induce leukocyte infil-
tration to the lesions. The infiltrating leukocytes
further release numerous cytokines and che-
mokines, causing blood-retinal barrier destruc-
tion and ultimately resulting in retinal neuronal
cell death [3, 5, 6]. It has been reported that, in
an acute high-intraocular-pressure model, T-
and B-lymphocyte-combined immunodeficient
mice had a higher retinal ganglion cell survival
and improved retinal damage when compared
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with wild-type mice [7], indicating that the
inflammatory response plays a very important
role in the subacute phase of RIRI.

T helper cells (Th) are traditionally divided into
two cell subgroups: Th, (mainly producing inter-
ferony and IL-2) and Th, (mainly producing IL-4,
-5, and -13). Recently, a new type of CD4* effec-
tor cell, T helper cell 17 (Th,.), is identified. Th,,
cells mainly produce IL-17, which plays a key
role in the inflammation, infection and defense
response [8, 9]. Subsequent studies reveal that
IL-17 is not only produced by Th . cells but
secreted by epithelial cells, neuroglial cells,
endothelial cells, NK cells, yoT cells, eosinophils,
neutrophils and other cells [10]. Moreover, the
production and activity of IL-17 can be regulat-
ed by other cytokines. For example, IL-23, a
cytokine produced by dendritic cells, phago-
cytes, microgliocytes and other antigen-pre-
senting cells can not only promote the differen-
tiation of Th cells into Th,, cells but stimulate T
cells to secrete IL-17. It has been reported that
IL-23, as an upstream positive regulatory factor
of IL-17, can participate in the IL-17-mediated
pathophysiological process [11]. In rat cerebral
ischemia-reperfusion model, the IL-23 and
IL-17 expressions significantly increased in the
brain [12, 13]. Moreover, brain injury in this
model could be attenuated by IL-23 antibody or
IL-17 antibody or in gene knockout IL-17- or
IL-23p19- animals [14, 15]. Similarly, IL-23/
IL-17 related ischemia-reperfusion injury is also
confirmed in the heart, liver, and lung [16-18].
Therefore, IL-17 can aggravate tissue damage,
and has now become a new focus in studies on
ischemia-reperfusion injury.

Curcumin is a natural product extracted from
turmeric (Curcumalonga) and has been used as
an herb for centuries. Because of its anti-
inflammatory, anti-oxidant, anti-cell prolifera-
tion and anti-apoptotic properties (among its
other biological activities), curcumin has been
widely used in studies on systemic diseases
(e.g., diabetes, cardiovascular disease, multi-
ple sclerosis, Alzheimer’s disease, and cancers)
as well as ocular diseases, including diabetic
retinopathy, retinitis pigmentosa, and glauco-
ma [19-21]. Numerous studies have shown that
curcumin may exert a neuroprotective effect on
the retina, acting mainly as an inhibitor of reti-
nal ganglion cell apoptosis, retinal pigment cell
proliferation and angiogenesis [22-25], and it
may also protect the retinal neurons and
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microvessels against RIRI through inhibiting
the injury-induced activation of NF-kB and
STAT3, and the over-expression of monocyte
chemotactic protein 1 (MCP-1) [26].

This study was undertaken to explore whether
the IL-23/IL-17 pathway participated in the
pathological process of RIRI and to investigate
the effect of curcumin on the IL-23 and IL-17
expressions in the retina of Sprague-Dawley
(SD) rats following RIRI, thus providing a new
theoretical basis for the treatment of RIRI with
curcumin.

Materials and methods
Grouping and preparation of animal model

A total of 150 healthy male SD rats weighing
200-300 g (8-week-old) were purchased from
the Experimental Animal Center of Three
Gorges University in China. All the experimental
and animal-handling procedures were in accor-
dance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research
and approved by the Committee on the Use of
Living Animals in Teaching and Research at
Wuhan University. SD rats were randomly divid-
ed into RIRI group (MQG), low-dose curcumin
group (LDCG) and high-dose curcumin group
(HDCG) (n = 50 per group). RIRI was induced to
the right eye of each rat by elevating the intra-
ocular pressure. Briefly, the anterior chamber
was cannulated with a 27-gauge needle
attached to an infusion line of sterile saline.
Intraocular pressure was increased to 110
mmHg by raising the infusion saline bottle to
150 cm over the eye ball. The left eye of each
rat was not treated and served as a normal
control group (NCG). Whitening of the iris and
loss of the red reflex of the retina were used to
confirm the retinal ischemia. One hour later, the
needle was withdrawn, and the reflow of the
retinal circulation was documented visually.
Rats in LDCG and HDCG were injected intraper-
itoneally with 20 mg/kg and 100 mg/kg cur-
cumin (Sigma, USA) in DMSO, respectively, at
30 min before RIRI and once daily after RIRI.
Rats in MG were intraperitoneally treated with
DMSO in sterile saline.

Hematoxylin and eosin staining and morpho-
logical examination

Five rats were randomly selected from each
group and euthanized by intrapertioneal injec-
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tion of an overdose of pentobarbital (100 mg/
kg) at 72 h after RIRI. The eyes were immedi-
ately enucleated, fixed with 4% paraformalde-
hyde overnight at room temperature, embed-
ded in paraffin, and cut into 5-um sagittal
sections (the retina near the optic disc), fol-
lowed by hematoxylin and eosin (H&E) staining
[27]. Briefly, the sections were treated with tolu-
ene for 2 h to remove paraffin and hydrated in
a series of alcohol solutions, followed by H&E
staining. After dehydration, sections were
mounted for microscopic examination. Photo-
graphs were captured under a microscope
(Nikon Eclipse Ti-SR, Japan) with a digital cam-
era (Nikon DS-U3, Japan) and the retinal struc-
ture was evaluated as in our previous study
[27]. The inflitrated inflammatory cells in the
ganglion cell layer (GCL) were counted over 200
micrometer in 4 retinal sections of each group.

Immunohistochemistry for IL-23 and IL-17 in
the retina

Five rats were randomly selected from each
group and euthanized at 72 h after RIRI. To
detect the I1L-23 and IL-17 protein expressions
in the retina, immunohistochemistry was per-
formed as previously reported on paraffin sec-
tions. Three sections of each paraffin-embed-
ded eye sample from each group were
processed for immunohistochemistry [27]. In
brief, eye sections were deparaffinized in xylene
and treated in a series of ethanol solutions.
Then, antigen retrieval was performed in EDTA
retrieval buffer. After washing with phosphate
buffer saline (PBS), endogenous peroxidase
was blocked by incubation in methanol contain-
ing 0.3% hydrogen peroxide for 25 min.
Subsequently, sections were incubated with
primary antibody against IL-23 (1:100,
ab115759, Abcam, England) or IL-17 (1:100,
ab79056, Abcam, England) overnight at 4°C in
a humidified environment. After washing, sec-
tions were incubated with biotinylated goat
anti-rabbit 1gG (1:1, K5007, Dako, Denmark) at
37°C for 50 min. Finally, sections were counter-
stained, dehydrated and mounted after DAB
(K5007, Dako, Denmark) staining. Photographs
were captured under a microscope with a digi-
tal camera, and the protein expressions of IL-23
and IL-17 were evaluated with the Image-Pro
Plus 6.0 Software (Media Cybernetics, USA)
[27].
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Western blot assay of IL-23 and IL-17 expres-
sion in the retina

Five rats from each group were sacrificed and
the retinal tissues were collected at 12, 24, 72
and 144 h after RIRI. The retinal tissues were
homogenized in ice-cold lysis buffer (20 mM
HEPES, pH 7.5, 1% Triton X-100, 1 mM EDTA,
and 0.1 mol/L NaCl) and centrifuged for 15 min
at 4°C. The supernatant was collected, and the
protein concentration was measured by a bicin-
choninic acid protein assay (Beyotime, Jiangsu,
China). An equal amount of protein from each
sample (60 ug/lane) was separated on a 10%
sodium dodecyl sulfate-polyacrylamide gel and
then transferred onto a polyvinylidene fluoride
membrane. The membranes were blocked in
5% skim milk for 2 h at room temperature
before incubation with a primary antibody
against IL-23 or IL-17 (Abcam, England) over-
night at 4°C. Then, the membranes were incu-
bated with horseradish peroxidase-conjugated
secondary antibodies for 1 h, and visualization
was done using an enhanced chemilumines-
cence kit (Pierce Biosciences, Rockford, IL).
B-actin (Santa Cruz, USA) served as a loading
control. The experiments were repeated 3
times. The optical intensity of each band was
semiquantitatively determined with the Image-
Pro Plus 6.0 software (Media Cybernetics,
USA).

ELISA of IL-23 and IL-17 expression in the
retina

Five rats from each group were sacrificed and
the retinal tissues were collected at 12, 24, 72
and 144 h after RIPI. The retinal tissues were
homogenized and centrifuged, and the protein
concentration of the supernatant was quanti-
fied. ELISA was employed to detect the IL-23
and IL-17 expression according to the manufac-
turer’s instructions (R&D Company, USA).
Biotin-labeled antibody (100 ul) was added to
each well followed by incubation for 2 h at
37°C. The supernatant was removed, and the
plate was washed 5 times and then incubated
with 100 pl of horseradish peroxidase conju-
gated avidin working solution for 1 h at 37°C.
Subsequently, 90 ul of substrate solution was
added to each well, and visualization was per-
formed for 15-30 min at 37°C in dark. Finally,
the stop solution was added, and the absor-
bance (A) was measured at 450 nm with a
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Figure 1. Protective effect of curcumin on the retinal injury after RIRI. A: At 72 h after RIRI, retinal sections were
subjected to H&E staining and photographed. Scale bar = 40 mm. B: Number of cells per 200 mm in GCL. #P<0.05

& #P<0.01, vs. NCG; "P<0.05 & *"P<0.01 vs. MG.

microplate reader. Standard curve was delin-
eated, and the expressions of I.-23 and IL-17
were calculated according to the standard
curve.

Statistical analysis

Data are expressed as the mean + standard
deviation. Two-way ANOVA with post-hoc cor-
rection was employed for the comparisons of
means among groups, and statistical analysis
was done with SPSS version 19.0 (New York,
NY). A value of P<0.05 was considered statisti-
cally significant.

Results
Protective effects of curcumin on the retina

Figure 1 shows the morphology of rat retinas
following different treatments. In NCG, the reti-
nal layers and structure were clear, and the
arrangements of GCL, inner nuclear layer (INL)
and outer nuclear layer (ONL) were regular. GCL
was a single cell layer composed of cells with
large cell bodies and clear nuclei. In MG, obvi-
ous cell infiltration was observed in GCL and
other inner layers. An increase in the infiltrated
cells was observed in the retina of MG (vs. NCG,
P<0.01), LDCG and HDCG. Retinal edema, evi-
denced by numerous empty spaces and loosely
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packed cells, was observed in INL and GCL. The
retinal structure of LDCG was similar to that in
MG group, but the infiltrated cells reduced and
retinal edema was improved to a certain extent.
In HDCG, the retina mostly retained its normal
morphology, with clear retinal layers and less
infiltrated cells.

Effects of curcumin on IL-23 expression in the
retina

Immunohistochemistry showed that IL-23 was
mainly expressed in the cytoplasm of GCL and
INL cells, and a few cells in ONL were also posi-
tive for IL-23 (Figure 2A). Positive cells were
rarely found in the retina of NCG, whereas many
brown cells were observed in rats of MG. In
LDCG, many IL-23 positive cells were found in
GCL and INL, but fewer positive cells were
noted than in MG. In HDCG, the IL-23 positive
cells further reduced.

Western blot assay showed a very low IL-23 pro-
tein expression in the retina of NCG (Figure 2B,
2C). However, IL-23 expression increased sig-
nificantly in MG. IL-23 expression in MG were
0.46 + 0.03, 1.25 + 0.02, 0.80 + 0.04 and
0.63 £ 0.03 at 12, 24, 72 and 144 h, respec-
tively. A similar trend in IL-23 expression was
observed in LDCG and HDCG, but the overall
IL-23 expression in LDCG and HDCG reduced by
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Figure 2. Effect of curcumin on IL-23 expression in the retina after RIRI. A: Retinal sections were processed for
immunohistochemistry for IL-23 (scale bar = 40 mm, n = 5 per group). IL-23 expression was expressed in the
cytoplasm of cells mainly in the GCL and INL. B: Western blot assay of IL-23 protein expression in the retina. C:
Quantification of IL-23 protein expression following Western blot assay (B). Data are from an average of 3 individual
experiments and expressed as mean + standard deviation. ¥P<0.05 & #*#P<0.01, vs. NCG; "P<0.05 & ""P<0.01 vs.

MG; $P<0.05 & **P<0.01 vs. LDCG.

21.74% and 56.52%, respectively, at 12 h,
4.00% and 44.00%, respectively, at 24 h,
28.75% and 53.75%, respectively, at 72 h, and
9.52% and 53.57%, respectively, at 144 h as
compared to MG group. The IL-23 expression in
MG group was significantly higher than that in
NCG and HDCG at the corresponding time
points (P<0.01).

ELISA indicated that IL-23 expression increased
significantly in MG and LDCG after RIRI (vs.
NCG, P<0.01) (Table 1). Moreover, IL-23 expres-
sion began to increase at 12 h and reached a
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peak at 24 h in MG after RIRIL. In HDCG, I.-23
expression also increased, and was still signifi-
cantly higher than in NCG group (P<0.05)
except at 12 h. When compared with MG, IL-23
expression significantly decreased in LDCG and
HDCG at different time points (P<0.01).

Effects of curcumin on IL-17 expression in the
retina

Immunohistochemistry showed no positive
cells in NCG, whereas a variety of positive cells
were found in MG (Figure 3A). IL-17 positive

Int J Clin Exp Pathol 2015:8(8):9223-9231
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Table 1. IL-23 expression in the retina (ELISA; pg/ml)

Group 12 h 24 h 72h 144 h

NCG 9.70 £ 0.28 9.8+0.24 9.84 £ 0.26 9.77 £0.22
MG 24.93 + 1.81%* 48.67 + 0.51* 32.44 + 1.99% 18.45 + 1.1
LDCG 17.18 + 1.05%"* 41.27 + 1.51%*" 25.35 + 1.25%* 13.73 £ 0.45%""
HDCG 10.11 + 0.13™"%¢ 29.21 £ 0.78##**% 18.01 + 0.32##*%% 10.84 + 0.45**7*%3

Footnotes: Data are expressed as mean + standard deviation. ¥P<0.05 & #*#P<0.01 vs. NCG; “P<0.05 & “*P<0.01 vs. MG;
$P<0.05 & **P<0.01 vs. LDCG; n = 3 per group.
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Figure 3. Effect of curcumin on IL-17 expression in the retina. (A) Immunohistochemistry showed IL-17 expression in
the retina of different groups (scale bar = 40 mm, n =5 per group). IL-17 expression was expressed in the cytoplasm
of cells mainly in the GCL and INL. (B) Western blot assay indicated IL-17 expression in 4 groups. (C) Quantification
of IL-17 protein expression after Western blot assay (B). Data are from an average of 3 individual experiments and
expressed as mean + standard deviation. *P<0.05 & #P<0.01, vs. NCG; “P<0.05 & **P<0.01 vs. MG; *P<0.05 &
$$p<(0.01 vs. LDCG.

cells were mostly found in GCL and INL, and few Western blot assay showed a very low IL-17 pro-
in ONL. In LDCG, fewer positive cells were tein expression in the retina of NCG (Figure 3B,
observed than in MG. In HDCG, few positive 3C). However, its expression increased after
cells were noted. RIRI. In MG, IL-17 expression was 0.48 + 0.03,
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Table 2. IL-17 expression in the retina (ELISA; pg/ml)

Group 12 h 24 h 72h 144 h

NCG 545+ 0.41 5.24 + 0.56 5.26+0.73 5.23+0.55
MG 24.17 £ 0.87* 32.84 + 3.2" 51.16 + 1.73%* 32.28 + 0.96"
LDCG 16.23 + 0.88"*"" 16.14 + 1.99%"* 30.83 + 0.58%"" 20.65 + 1.80%*"

HDCG 5.71 + 0.63""%¢

5.87 + 0.46""%

13.06 + 2.39## "¢ 6.63 + 1.16%°

Footnotes: Data are expressed as mean + standard deviation. ¥P<0.05 & #*#P<0.01 vs. NCG; “P<0.05 & “*P<0.01 vs. MG;

$P<0.05 & **P<0.01 vs. LDCG; n = 3 per group.

0.81 + 0.03, 1.16 + 0.02 and 0.51 + 0.06 at
12, 24, 72 and 144 h, respectively. Although
the IL-17 protein expression increased and
reached a peak at 72 h in both LDCG and
HDCG, it reduced after curcumin treatment and
a significant decrease was observed in HDCG
(P<0.01). Curcumin decreased IL-17 expression
in LDCG and HDCG by 20.83% and 33.62%,
respectively, at 12 h, 70.83% and 67.24%,
respectively, at 24 h, 29.63% and 13.73%,
respectively, at 72 h, and 56.80% and 68.63%,
respectively, at 144 h, when compared with
MG.

Similarly, ELISA indicated that IL-17 expression
began to increase at 12 h and reached a peak
at 72 h after RIRl. In MG and LDCG, IL-17
expression significantly increased when com-
pared with NCG at corresponding time points
(P<0.01) (Table 2). In HDCG, IL-17 expression
tended to be higher than in NCG at 12, 24 and
144 h, although significant differences were
not observed (P>0.05). When compared with
MG, IL-17 expression in LDCG and HDCG signifi-
cantly reduced (P<0.01).

Discussion

RIRI is a common pathophysiological process
and characterized by the thinning of retinal
nerve fibers and GCL and INL cellular apopto-
sis. RIRI usually results in decreased visual
acuity or even leads to vision loss [3]. Our
results showed that the retina in MG displayed
edema, infiltration of leukocytes and structural
disorder. Immunohistochemistry showed the
IL-17- and IL-23-positive cells increased in the
GCL and INL of MG. Western blot assay also
revealed very low IL-23 and IL-17 protein expres-
sion in the retina of NCG, but they increased
significantly after RIRI. Moreover, ELISA indicat-
ed that IL-23 and IL-17 expressions began to
increase at 12 h, IL-23 expression peaked at 24
h and IL-17 expression peaked at 72 h. These
findings suggest that IL-23 and IL-17 may par-
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ticipate in the pathology of RIRI, possibly aggra-
vating the retinal injury. After curcumin treat-
ment, retinal IL-23 and IL-17 expressions were
significantly inhibited. Furthermore, curcumin-
mediated inhibition of IL-23 and IL-17 expres-
sion was associated with the dose of curcumin.
These results indicate that curcumin is able to
reduce the expressions of IL-:23 and IL-17 fol-
lowing RIRI, and then attenuated the inflamma-
tory response of the retina.

Studies have shown that the inflammatory cas-
cade produced after retinal ischemia is the
main cause of delayed neuronal damage and
usually caused by the up-regulated expression
of inflammatory factors [2, 4]. IL-17 acts as a
powerful pro-inflammatory cytokine and can
promote the activation of T cells and stimulate
fibroblasts, endothelial cells, macrophages,
and epithelial cells to secrete various pro-
inflammatory factors, such as IL-6, TNF-q,
iINOS, metalloproteinases, and prostaglandin
E,, and chemokines (such as MCP-1 and granu-
locyte colony-stimulating factor), amplifying the
inflammatory response [28, 29]. However, IL-17
may also attract and activate neutrophils,
mediating the inflammatory response and lead-
ing to tissue injury. Our results indicated that
IL-23 and IL-17 expression increased following
RIRI, which attributed to the inflammatory
response in the retina. Studies have revealed
that IL-17 may activate mitogen-activated pro-
tein kinase (MAPK) and NF-kB pathways [30,
31]. After IL-17 binds to its receptor, the MAPK
pathway induces the up-regulation of iINOS and
cyclooxygenase-2 expressions, while the NF-kB
pathway may stimulate the secretion of IL-6,
TNF-a, MCP-1, intercellular adhesion mole-
cule-1 and other inflammatory factors [32].

Curcumin is a phenolic pigment extracted from
Curcuma longa L and Curcuma aromatica
Salisb and possesses a powerful anti-inflam-
matory activity [24]. Curcumin is a promising
candidate in the clinical treatment of rheuma-
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toid arthritis, multiple sclerosis, inflammatory
bowel disease and other inflammatory diseas-
es [33-35]. Studies on the anti-inflammatory
activity of curcumin in eye diseases mainly
focus on diabetic retinopathy, retinal degenera-
tion, and glaucoma [19]. In a diabetic retinopa-
thy model, curcumin was found to significantly
reduce the hyperglycemia-induced oxidation
and inhibit the IL-1, VEGF and NF-kB [36]. In a
retinal light injury model, curcumin was found
to not only inhibit NF-kB expression but sup-
press NF-kB activation by blocking IkB phos-
phorylation, resulting in the down-regulated
expressions of downstream inflammatory fac-
tors [37]. In the present study, RIRI was induced
by anterior chamber perfusion of normal saline,
whether IL-23 and IL-17 participated in RIRI was
investigated, and the effects of curcumin at dif-
ferent concentrations on the retinal IL-23 and
IL-17 expressions and the retinal structure were
explored at different times after RIRl. Our
results provide a new theoretical basis for the
anti-inflammatory activity of curcumin in RIRI.

Our results not only showed that the IL-23/IL-17
pathway participated in the pathology of RIRI
but revealed that IL-23 reached its peak at 24
h, whereas IL-17 peaked at 72 h after RIRI. In a
study on the cerebral ischemia-reperfusion,
results also showed the induction of IL-17
expression was dependent on IL-23, suggesting
that IL-23 acts immediately after injury, where-
as IL-17 plays an important role in the delayed
phase of the injury [14]. Therefore, to inhibit
IL-17 production in the late phase is promising
for the treatment of RIRI. However, RIRI is a
complex pathological process involving numer-
ous factors and a variety of pathways. Which
type of retinal cells secrete 1L-23 and IL-17 and
the exact mechanism underlying the inhibitory
effect of curcumin on the IL-23 and IL-17 expres-
sions remain to be further studied.

In conclusion, our findings reveal that IL-23 and
IL-17 expressions increase in the retinal after
RIRI and curcumin may attenuate the retinal
inflammation and reduce the IL-23 and IL-17
expressions in a dose-dependent manner fol-
lowing RIRI. These results provide evidence for
the treatment of RIRI with curcumin.
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