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Stroke-prone spontaneously hypertensive (SHRsp) rats develop severe hypertension resulting in renal 
injury. We investigated apoptosis inhibitor of macrophages (AIM) expression in nephrosclerotic rats and 
the involvement of AIM in olmesartan (OLM)- and azelnidipine (AZN)-induced decreases in the number of 
macrophages infiltrating the kidney. We randomly assigned 20-week-old male SHRsp rats to receive one of 
the following substances every day for 12 weeks: water (vehicle), hydralazine (HYD), OLM, or AZN. Renal 
damage was assessed by Masson trichrome staining. Expressions of ED-1, AIM, and oxidized low-density 
lipoprotein (oxLDL) were immunohistochemically detected. Apoptosis was analyzed by terminal deoxy-
nucleotidyl transferase deoxyuridine triphosphate (dUTP) nick-end labeling (TUNEL) staining. All treatment 
groups showed significantly less renal interstitial fibrosis than the vehicle group. AZN and OLM groups had 
significantly fewer AIM-expressing cells than the HYD and vehicle groups. The ratios AIM-positive cells/
ED-1-positive macrophages and TUNEL-positive cells/ED-1-positive macrophages in the AZN and OLM 
groups were lower and higher, respectively, than the the HYD and vehicle groups. oxLDL expression in the 
renal interstitium was significantly lower in treatment groups compared to vehicle group. OLM and AZN 
inhibited interstitial fibrosis progression in SHRsp rats by suppressing AIM expression in macrophages, fol-
lowed by reducing the number of infiltrating macrophages.
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The number of patients with chronic kidney disease (CKD) 
has increased dramatically worldwide.1) A follow-up of the 
National Health and Nutrition Examination Surveys in the 
United States reported that the frequency of CKD (stages 1–4) 
increased from 10.0% in 1988–1994 to 13.1% in 1999–2004.2) 
CKD is an independent risk factor (heart- and kidney-related) 
of cardiovascular disease, and is known to increase the risks 
for angina pectoris, myocardial infarction, cardiac arrest, cere-
brovascular disorders, peripheral vascular disease, death due 
to cardiovascular disease, and sudden death.3,4)

Nephrosclerosis is one of the main diseases underlying 
CKD.5) It involves progressive arteriosclerosis at the level 
of the small arteries and arterioles in the kidneys, lead-
ing to ischemic changes in the glomeruli and interstitium, 
consequently compromising renal function.6) This increased 
arteriosclerosis due to long-term hypertension associated with 
aging has resulted in the increased global incidence of neph-
rosclerosis.

Previous studies have reported that macrophages play a 
major role in the progression of arteriosclerosis in humans 
and in animal models. Further, macrophage infiltration is 
closely associated with the onset and progression of myocar-
dial infarction, cerebrovascular disorders, and arteriosclerotic 
diseases such as nephrosclerosis.7–12)

Apoptosis inhibitor of macrophages (AIM) is a secretory 
protein comprising 3 scavenger receptor cystein-rich domains. 

It is specifically produced by mature tissue macrophages,13) 
and supports the survival of macrophages themselves against 
different apoptosis-inducing stimuli. AIM has recently at-
tracted attention as a new protein involved in macrophage 
apoptosis. Incorporation of oxidized low-density lipoprotein 
(oxLDL) increases the expression of AIM in macrophages.14) 
Recently, AIM was found to be strongly expressed in macro-
phages that infiltrated atherosclerotic lesions in humans and 
animal models, and this inhibitor may be intimately involved 
in atherosclerosis.14)

Recent studies have revealed that in addition to the anti-
hypertensive effects, renin-angiotensin inhibitors and some 
calcium antagonists exert cardiovascular or renoprotective 
actions in patients with arteriosclerosis.15,16) Among the angio-
tensin II receptor blockers, olmesartan (OLM) is reported to 
have high affinity to the angiotensin II type 1 receptor. Mean-
while, azelnidipine (AZN) is a newly developed long-acting 
dihydropyridine-type calcium channel blocker (CCB) with a 
hypotensive effect that is comparable to that of other common 
CCBs. These drugs have shown anti-oxidant or anti-inflam-
matory effects that are independent of the anti-hypertensive 
effect.17,18) Thus, we previously investigated the renoprotective 
effect of OLM and AZN in nephrosclerotic rats. We found 
significant decreases in the number of infiltrating macro-
phages and inhibition of interstitial fibrosis in groups of the 
same model treated with OLM or AZN compared to the rats 
treated with hydralazine (HYD), which has low anti-oxidant 
and anti-inflammatory effects. This effect was not associated 
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with the extent of proteinuria or antihypertensive effect.19) 
Hence, it was suggested that OLM and AZN protect the kid-
neys by a mechanism other than hypotensive activity alone. 
However, it remains to be elucidated whether or not AIM is 
involved in reducing the number of infiltrating macrophages 
in the renal tissues.

Here, we evaluated the expression of AIM in a rat model 
of nephrosclerosis and investigated its possible involvement in 
OLM- and AZN-induced decreases in the number of macro-
phages infiltrating the renal interstitium.

Materials and Methods

Animals ​ In this study, we used 20-week-old male stroke-
prone spontaneously hypertensive (SHRsp)/Izm rats (Japan 
SLC, Shizuoka, Japan) and normotensive control Wistar-
Kyoto (WKY) rats. SHRsp was first isolated from WKY rats 
by Okamoto and Aoki in 1963.20) All the rats were housed 
in standard rodent cages at a constant ambient temperature 
(22±​1°C) and humidity (85%), with 12-h cycles of light and 
dark and ad libitum access to Funabashi SP diet (Funabashi 
Farm, Chiba, Japan) and tap water. The experimental proto-
col was reviewed and approved by the Animal Care and Use 
Committee of Nagasaki University School of Medicine (No. 
1004050846). Further, the study protocol complied with the 
laws and notifications of the Japanese government prior to 
commencement of the study.

Drugs ​ AZN and OLM were donated by Sankyo Co., Ltd. 
(Tokyo, Japan).

Experimental Protocol ​ Rats were treated with 10 mg/
(kg·day)−1 AZN (n=6), 3 mg/(kg·day)−1 OLM (n=4), 20 mg/
(kg·day)−1 hydralazine (HYD) (Sigma, St. Louis, MO, U.S.A.) 
(n=3), or water (vehicle; n=5). AZN and OLM were sus-
pended in 0.5% carboxymethylcellulose (039-01335; Wako 
Pure Chemical Industries, Ltd., Osaka, Japan). Previous 
reports have indicated that treatment with carboxymethylcel-
lulose does not affect blood pressure, and has no apparent 
inhibitory effects on urinary protein excretion or renal injury 
in SHRsp.21) Each agent was administered by gavage for 12 
weeks. At 32 weeks of age, the rats were sacrificed and their 
kidneys were collected. In this study, the dose of each drug 
and the time schedule was decided based on our previous 
study.19)

Histological Examination ​ Some sections of the kidney 
tissue were fixed in 4% paraformaldehyde (PFA) in phosphate-
buffered saline (PBS) (pH 7.4). The other sections were frozen 
in OCT compound (Miles, Elkhart, IN, U.S.A.) and stored at 
−80°C. The fixed renal tissues were embedded in paraffin and 
cut into 4-μm-thick sections. The sections were then stained 
with Masson trichrome stain to reveal histological changes 
and areas of interstitial fibrosis.

Terminal Deoxyribonucleotidyl Transferase (TdT)-
Mediated Biotin-16-deoxyuridine Triphosphate (dUTP) 
Nick-End Labeling (TUNEL) Assay ​ Apoptosis was de-
termined on 4-μm-thick paraffin-embedded kidney sections 
using  TUNEL in an in situ apoptosis detection kit (TaKaRa 
Bio, Otsu, Shiga), as reported previously.22,23) In each group, 
the number of TUNEL-positive cells was counted in 20 non-
overlapping fields under ×200 magnification.

Antibodies ​ The immunohistochemical procedure used in 
this study was described previously.24,25) The following anti-

bodies were used for immunohistochemistry: mouse anti-ED-1 
antibody (1 : 100 dilution, MCA341R; Serotec, Oxford, U.K.) 
as a marker of rat macrophages, rabbit anti-AIM polyclonal 
antibody (1 : 500 dilution, SA-2, donated by Prof. T. Miya
zaki), rabbit anti-oxLDL polyclonal antibody (1 : 200 dilution, 
AB3230; Chemicon International, Temecula, CA, U.S.A.) as 
a marker of oxidant injury, and goat anti-macrophage che-
motactic protein (MCP)-1 polyclonal antibody (1 : 20 dilution, 
sc1784; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
U.S.A.).

Immunohistochemical Study ​ For immunohistochemisto-
ry, 4-μm-thick paraffin-embedded tissues were deparaffinized 
and blocked for endogenous peroxidases by immersing the 
slides in 0.3% hydrogen peroxide (H2O2) in methanol for 20 
min. Fresh-frozen sections fixed in 4% PFA were also blocked 
for endogenous peroxidases by the same method.

The tissue sections were immunohistochemically stained 
using an indirect method to assess ED-1, AIM, and MCP-1. 
To reduce nonspecific background staining, the sections were 
incubated with a blocking buffer containing 10% normal goat 
serum (X0907; DakoCytomation Denmark A/S, Glostrup, 
Denmark), 10% fetal calf serum (011-16290M; Gibco Life 
Technology, Carlsbad, CA, U.S.A.), and 2% normal rat serum 
(X0912; Dako) in PBS for 30 min. Sections were then treated 
with the primary antibody, which was diluted in the same 
blocking buffer. After reacting with anti-ED-1 or anti-AIM 
antibodies at room temperature for 1 h, the sections were 
treated with horseradish peroxidase (HRP)-conjugated rab-
bit anti-mouse antibodies (1 : 100 dilution, P0161; Dako) and 
HRP-conjugated swine anti-rabbit antibodies (P0399; Dako) at 
room temperature for 30 min. After reaction with anti-MCP-1 
antibodies at room temperature for 1 h, the sections were treat-
ed with HRP-conjugated rabbit anti-goat antibodies (1 : 100 
dilution, P0449; Dako) at room temperature for 1 h.

The peroxidase/anti-peroxidase method was used to assess 
the oxLDL expression. For this analysis, fresh-frozen sections 
were fixed in 4% PFA in PBS (pH 7.4) at room temperature 
for 15 min and then incubated with blocking buffer for 30 
min, similar to the process described above. After reacting 
with anti-oxLDL antibodies at room temperature for 1 h, sig-
nal detection was carried out using the EnVision Plus System 
(K4008; Dako).

H2O2 and 3,3′-diaminobenzidine tetrahydrochloride (DAB) 
were used as the chromogen for ED-1, AIM, and oxLDL. 
HRP-positive sites in MCP-1 were visualized using H2O2 and 
DAB in the presence of nickel and cobalt ions. Finally, the 
sections were counterstained with methyl green and mounted.

Negative control sections were reacted with normal mouse 
immunoglobulin G (IgG) instead of specific monoclonal anti-
bodies or with normal rabbit or goat IgG in place of specific 
polyclonal antibodies.

To identify AIM-positive cells among the ED-1-positive 
cells in the tubulointerstitium, double immunolabeling for 
AIM and ED-1 was performed using the methods described 
by Furusu et al.,26) with a slight modification. Briefly, depa-
raffinized peritoneal sections were incubated with blocking 
serum and anti-ED-1 antibody. The sections were then washed 
with PBS and incubated with the biotinylated antimouse 
antibody. After washing, the sections were incubated with 
alkaline phosphatase-conjugated avidin (Vector Laboratories, 
Burlingame, CA, U.S.A.), following a reaction with BCIP/
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NBT (Dako). After staining for ED-1, tissue sections were 
stained for AIM using the avidin-biotin complex kit, as de-
scribed earlier.

Image Analysis ​ For semiquantitative estimation of the 
blue area of Masson trichrome staining and the area of posi-
tive expression for each protein, images were digitized using 
image analysis software (Win Roof Mitanicorp, Chiba, Japan). 
The images were transformed into a 2250×1800 pixel matrix 
and viewed at ×100 magnification; the area of each section 
was 0.89 mm2. The area of cortical interstitium was measured 
by light microscopic examination. For each group, 20 such 
areas were selected. Of a total of 80 fields, we calculated 
the percentage of areas that stained positive for oxLDL and 
MCP-1, and interstitial fibrosis by Masson trichrome stain. We 
also counted the number of ED-1-positive macrophages and 
AIM-expressing macrophages at 20 fields under ×200 magni-
fication in each group.

Statistical Analysis ​ Data are expressed as the mean±​
standard error of the mean (S.E.M.). Differences among 
groups were examined for statistical significance using repeat-
ed-measures analysis of variance (ANOVA) with Fisher’s pro-
tected least significant difference. Differences were considered 
statistically significant at p < 0.05.

Results

Morphological Examinations ​ In SHRsp rats, the degree 
of interstitial fibrosis increased from 16–30 weeks of age, 
which was different from that observed in WKY rats (data not 
shown). Masson trichrome staining revealed marked matrix 
expansion in glomeruli and interstitial fibrosis in the vehicle 
group (Fig. 1A). Interstitial fibrosis was locally inhibited in 

Fig.  1.  Masson Trichrome Staining
Treatment with antihypertensive drugs significantly decreased the fibrotic area 

in SHRsp rats. The interstitial fibrotic areas in the OLM (C) and AZN (D) groups 
were significantly lower than those in the vehicle SHRsp (A) and HYD (B) groups, 
as indicated by the quantitative analysis of the interstitial fibrotic areas in the kid-
neys among the four groups (E). Data represent mean±S.E.M. * p<0.05 vs. vehicle; 
# p<0.05 vs. vehicle and HYD groups.

Fig.  2.  ED-1 and AIM (Apoptosis Inhibitor of Macrophages) Staining
ED-1 staining revealed macrophage infiltration in the tubulointerstitium of the 

vehicle SHRsp rats (A), but this was markedly lower in rats treated with HYD 
(C), OLM (E), or AZN (G). Macrophage infiltration in the OLM (E) and AZN (G) 
groups was significantly lower than that in the HYD (C) group. Immunohistochem-
ical staining showed that the OLM (F) and AZN (H) groups had significantly fewer 
AIM-expressing cells than the HYD (D) and vehicle (B) groups. (I) and (J) present 
the quantitative analyses of the number of ED-1-positive macrophages and AIM-
expressing cells, respectively, in the kidneys among the four groups. Data represent 
mean±S.E.M. * p<0.05 vs. vehicle; # p<0.05 vs. vehicle and HYD groups.
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the HYD group (Fig. 1B) and dramatically inhibited in the 
OLM (Fig. 1C) and AZN (Fig. 1D) groups. Semiquantita-
tive analysis revealed that the HYD, AZN, and OLM groups 
showed significantly decreased area of interstitial fibrosis as 
compared with the vehicle. Moreover, interstitial fibrosis was 

significantly suppressed in the AZN and OLM groups as com-
pared to the HYD group (Fig. 1E).

Macrophage Infiltration ​ In a previous study, develop-
ment of hypertension and interstitial fibrosis was found to 
be associated with macrophage infiltration in the kidney of 

Fig.  3.  Double Staining for AIM (Brown) and ED-1 (Blue)
AIM-positive cells were detected among ED-1-positive cells by immunostaining for both AIM and ED-1. AIM-positive cells stained brown, while ED-1-positive cells 

stained blue (A). The black arrowheads indicate AIM- and ED-1-positive macrophages. The ratios of AIM-positive cells to ED-1-positive macrophages in the OLM and 
AZN groups were lower than those in the HYD and vehicle groups (B). Data represent means±S.E.M. # p<0.05 vs. vehicle and HYD groups.

Fig.  4.  Double Staining for TUNEL (Brown) and ED-1 (Blue)
To detect TUNEL-positive cells among ED-1-positive cells, double immuno

staining for TUNEL and ED-1 was performed (A–D). The ratio of TUNEL-positive 
cells to ED-1-positive macrophages (E) was higher in the OLM (C) and AZN (D) 
groups than in the HYD (B) and vehicle (A) groups, as indicated by the quantita-
tive analysis of the ratio of TUNEL-positive cells to ED-1-positive macrophages in 
the kidneys among the four groups (E). Data represent mean±S.E.M. # p<0.05 vs. 
vehicle and HYD groups.

Fig.  5.  oxLDL Expression
Markedly increased oxLDL expression was observed in the tubular cells in the 

vehicle group (A). Treatment with antihypertensive drugs significantly decreased 
the oxLDL expression in SHRsp rats. oxLDL expression was significantly lower in 
the OLM (C) and AZN (D) groups than in the HYD (B) group, as indicated by the 
quantitative analysis of oxLDL positive area in the kidneys among the four groups 
(E). Data represent mean±S.E.M. * p<0.05 vs. vehicle; # p<0.05 vs. vehicle and 
HYD groups.
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SHRsp rats.19) We examined the effects of antihypertensive 
agents on macrophage infiltration by immunohistochemistry 
for the macrophage marker ED-1. Many macrophages were 
present in the tubulointerstitium of the vehicle group (Fig. 
2A), but the number of ED-1-positive macrophages was mark-
edly decreased in rats treated with antihypertensive agents 
as compared to that in the vehicle group. Furthermore, mac-
rophage infiltration was significantly reduced in the OLM 
(Fig. 2E) and AZN (Fig. 2G) groups as compared to the HYD 
group (Fig. 2C).

Involvement of AIM in Macrophage Infiltration ​ To 
clarify the mechanisms underlying suppression of macrophage 
infiltration observed in rats treated with antihypertensive 
agents, we performed immunohistochemical analysis for AIM 
expression. WKY rats showed few AIM-expressing cells (data 
not shown). In addition, we observed that AIM-positive cells 
predominantly infiltrated in the interstitium and there were 
few AIM-positive cells in the glomerulus (data not shown). 
The number of AIM-expressing cells in the vehicle group was 
markedly higher than that in WKY rats (Fig. 2B). Conversely, 
the number of AIM-expressing cells in the OLM (Fig. 2F) and 
AZN (Fig. 2H) groups was significantly lower than that in the 
HYD (Fig. 2D) and vehicle groups.

We performed double-staining for AIM and ED-1 (Fig. 3A) 
to ascertain the percentage of AIM-expressing cells among 

macrophages. The results revealed that the ratio of AIM-
positive cells to ED-1-positive macrophages was significantly 
lower in the OLM and AZN groups than in the HYD and 
vehicle groups (Fig. 3B).

The number of apoptotic macrophages was then investi-
gated, as AIM-positive cells were markedly decreased in the 
OLM and AZN groups. Double immunostaining for TUNEL 
and ED-1 was performed in the same section (Figs. 4A–D). 
The ratio of TUNEL-positive cells to ED-1-positive macro-
phages was increased in the OLM (Fig. 4C) and AZN (Fig. 
4D) groups in comparison to the HYD (Fig. 4B) and vehicle 
(Fig. 4A) groups.

Expression of oxLDL ​ AIM expression has recently been 
reported to be regulated via liver X receptors (LXR)/retinoid 
X receptors (RXR) and incorporation of oxLDL yielding 
oxysterols, the native ligands of LXR, also upregulate AIM 
expression in macrophages. We investigated the expression 
of oxLDL, which affects AIM expression in antihypertensive 
agent-treated rats. In the vehicle group, strong expression 
of oxLDL was observed in tubular cells (Fig. 5A), whereas 
expression was significantly reduced in the HYD (Fig. 5B), 
OLM (Fig. 5C), and AZN (Fig. 5D) groups. Furthermore, ex-
pression of oxLDL was significantly lower in the OLM (Fig. 
5C) and AZN (Fig. 5D) groups compared to that in the HYD 
(Fig. 5B) group.

Expression of MCP-1 ​ In addition, we examined the 
MCP-1 expression, as a chemotactic factor of macrophages. 
In the vehicle group, increased expression of MCP-1 was 
observed in tubulointerstitial area (Fig. 6A). Furthermore, 
expression of MCP-1 was significantly lower in the OLM (Fig. 
6C) and the AZN (Fig. 6D) groups compared to that in the 
vehicle group (Fig. 6A), whereas the expression was not sig-
nificantly reduced in the HYD (Fig. 6B) compared to that in 
the vehicle group (Fig. 6A).

Discussion

In this study, we found significantly fewer infiltrating mac-
rophages and dramatic inhibition of interstitial fibrosis follow-
ing treatment with OLM or AZN but not HYD. This finding 
strongly demonstrated that OLM and AZN have mechanisms 
distinct from the expected antiproteinuric or antihypertensive 
effect reported in our previous study.19) Moreover, we showed 
that AIM expression in macrophages in the renal tissue of 
SHRsp rats seemed closely correlated with the number of 
infiltrating macrophages, and both these drugs significantly 
decreased the number of AIM-positive macrophages as well as 
the total number of macrophages, suggesting that AIM expres-
sion is vital to the progression of nephrosclerosis.

It is well known that glomerular or interstitial macrophage 
infiltration is a prominent feature in nephrosclerosis, diabetic 
nephropathy, and lupus nephritis.27) However, the roles of 
macrophages in these renal diseases are quite controversial. 
A previous study has reported that infiltrating macrophages 
play a significant role in tissue repair or remodeling.28) Mean-
while, macrophages have also been reported to produce cy-
tokines, nitric oxide, and reactive oxygen species (ROS),29) 
causing direct damage to resident interstitial fibroblasts and 
myofibroblasts (which are a primary source of extracellular 
matrix proteins), consequently facilitating the progression of 
renal disorders.9–12) In SHRsp rats, we previously reported 

Fig.  6.  MCP-1 Expression
Increased MCP-1 expression was observed in the tubular cells in the vehicle 

group (A). MCP-1 expression was not significantly different between the HYD (B) 
and vehicle (A) groups. MCP-1 expression was significantly lower in the OLM (C) 
and AZN (D) groups than in the vehicle group (A), as indicated by the quantitative 
analysis of MCP-1 positive area in the kidneys among the four groups (E). Data 
represent mean±S.E.M. * p<0.05 vs. vehicle.
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that the number of ED-1-positive macrophages was markedly 
increased in glomeruli and interstitial fibrosis areas.19) There-
fore, we considered that macrophages promote the progression 
of interstitial fibrosis in SHRsp rats.

Some studies have investigated the role of ROS in the 
progression of renal injury. A report on the effect of ROS 
derived from macrophages on renal disorders indicated that 
ROS cause proteinuria and damage consisting of necrosis of 
endothelial cells with platelet activation and proliferation of 
resident glomerular cells. In addition, ROS have been reported 
to be actively involved in the activation of chemotactic factors 
and adhesion molecules.30) Our previous report also showed 
increased oxidative stress as well as involvement in interstitial 
fibrosis in the rat model of nephrosclerosis.19) In the pres-
ent study, we confirmed the increased expression of oxLDL, 
which is produced by ROS, in SHRsp rats.

Further, it is noteworthy that AIM was expressed in mac-
rophages infiltrating renal tissue; therefore, the macrophages 
were supposed to exhibit resistance to apoptosis.14) Accord-
ing to previous literature, oxLDL is widely known as an 
inducer of AIM expression. As ROS in blood increase due to 
oxidative stress, the oxLDL level continues to increase and it 
binds to LXR/RXR in nuclear receptors following uptake by 
macrophages to induce AIM gene expression and stimulate 
AIM production/secretion in macrophages.14) In fact, our im-
munohistochemical results revealed strong oxLDL expression 
primarily in the renal tubules and increase in the number of 
AIM-expressing macrophages in the vehicle group. These 
findings may suggest that AIM plays an important role in 
controlling the number of infiltrating macrophages by in-
hibiting macrophage apoptosis in SHRsp rats. On the other 
hand, oxLDL expression was significantly lower and there 
were fewer macrophages in OLM- and AZN-treated rats as 
compared to the corresponding parameters in the vehicle- 
and HYD-treated rats. One explanation for this result could 
be the antioxidant action of OLM and AZN, which occurs 
by inducing superoxide dismutase activity in blood vessels31) 
or by suppressing ROS production.32–41) OLM is known to 
block angiotensin II induced superoxide production by re-
duced nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase.42) In addition, AZN has reported to attenuate ROS 
production via suppression of NADPH oxidase in a manner 
similar to OLM,19,32) and is a more potent antioxidant than 
any other dihydropyridine calcium antagonists because of its 
good liposolubility and vascular endothelial penetration.18) 
Hence, it is speculated that OLM and AZN indirectly suppress 
AIM expression in macrophages via their inhibitory effects on 
oxLDL expression. The resultant increase in macrophage apo-
ptosis then led to a decrease in the number of macrophages in 
renal tissue, thus inhibiting interstitial fibrosis. In addition, as 
another mechanism leading to macrophage infiltration in the 
kidney of SHRsp rats, increase in the MCP-1 expression has 
been reported to be caused by oxidant stress.9) Similar to these 
results, we found increased MCP-1 expression in the vehicle 
group and decreased expression in the OLM and AZN groups. 
Based on these findings, we considered that the antioxidant 
effects of OLM and AZN suppressed not only AIM expression 
but also MCP-1 expression; further, these drugs reduced the 
number of infiltrating macrophages, resulting in the inhibi-
tion of interstitial fibrosis32–41). Currently, it is not yet clarified 
which drug, OLM or AZN, is stronger on antioxidant effects, 

future studies comparing OLM and AZN are required to de-
termine which of these is a stronger antioxidant.

Recently, it has been shown that combination therapy with 
OLM and AZN is more effective than monotherapy with ei-
ther drug for reducing macrophage infiltration and interstitium 
disorders in renal failure models.29) Moreover, this combina-
tion therapy was also reported to inhibit MCP-1 and tumor ne-
crosis factor-α expressions more effectively in the mouse vas-
cular injury model.18) Thus, although this was not investigated 
in the current study, OLM and AZN combination therapy may 
lower oxidative stress and inhibit AIM expression to a greater 
extent than monotherapy, leading to further decrease in the 
number of macrophages and more effective inhibition of inter-
stitial fibrosis. Further studies are warranted to investigate the 
effectiveness of such combination therapy.

In conclusion, our study demonstrated that OLM and AZN 
treatment can reduce the number of infiltrating macrophages 
and inhibit interstitial fibrosis. AIM is involved in the progres-
sion of interstitial fibrosis in SHRsp rats. The oxLDL-inhibit-
ing action of these 2 drugs appears to result in the observed 
decrease in AIM expression.
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