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Background: Hyperuricemia contributed to endothelial dysfunction, activation of the RAS system,
increased oxidative stress and maladaptive immune system response. M1 and M2 macrophages were
known to contribute to the onset of renal fibrosis. This study aimed to look at the effect of lowering serum
uric acid levels on renal injury in mice. Methods: This study used 25 male mice, 3 months old, that divided
into 5 groups. We injected uric acid intraperitoneally, 125mg/kg/day for 7 days (UA7) and 14 days (UA14),
to induce hyperuricemia and then gave allopurinol 50mg/kg/day for 7 days to lower serum uric acid levels
(UATAL7 and UA14ALY7). At the end of the treatment, we measured serum uric acid levels, Glomerular
Injury Score (GIS) and Arteriolar Injury Score (AIS) with PAS staining, eNOS and MCP-1 expression
with Reverse Transcriptase-PCR (RT-PCR), macrophages M1/M2 ratio with anti-CD68 and anti-arginase
I immunohistochemical staining. Data were analyzed by one-way ANOVA and Kruskal-Wallis test.
Results: Uric acid injection increased serum uric acid levels in UA7 and UA14 group (p<0.05), followed by
the increase in GIS and AlS. RT-PCR showed increased expression of MCP-1 and decreased expression of
eNOS. M1 macrophages count was higher than control in UA7 and UA14 whereas M2 macrophages did
not show any increased count, so the ratio of macrophages M1/ M2 is higher. Decrease in serum uric acid
levels reduced GIS, AIS, MCP-1 expression and macrophages M1/M2 ratio (p<0.05). Conclusion:
Reduction of serum uric acid levels significantly reduced renal injury that occurred in mice model of
hyperuricemia.

INTRODUCTION

The prevalence of hyperuricemia in population is high based on epidemiological studies in several countries
[1-3]. Hyperuricemia is a cause of gout and urolithiasis because of formation and deposition of monosodium
urate crystals. Hyperuricemia is a common finding in chronic kidney disease due to decreased clearance of uric
acid[4]. Evidences have highlighted the role of uric acid as a cause or encourage the progression of
cardiovascular disease and chronic kidney disease[5]. Increased serum uric acid level has an important role in
insulin resistance and hypertension, which contributes to the emergence of cardiorenal metabolic syndrome, and
cardiovascular disease associated with chronic kidney disease [6-8]. High serum uric acid level contributes to
kidney injury due to inducing endothelial dysfunction with impairment of nitric oxide production [9-11],
activation of the renin-angiotensin-aldosterone system[12], increased oxidative stress by NADPH Oxidase[13],
and maladaptive immune system response by increased proinflammatory cytokines[14]. Those abnormalities
will encourage fibrosis in vascular tissue, heart, and kidneys as well as associated functional abnormalities[6].

Allopurinol, a xanthine oxidase inhibitor, is a drug that conventionally used to decrease the synthesis of uric
acid in the body[15]. Allopurinol inhibition to xanthine oxidase demonstrated anti-inflammatory effects on
atherosclerosis, congestive heart failure, and acute lung injury. In addition, research shows renal injury caused by
elevated levels of serum uric acid can be prevented by using allopurinol[16].

Macrophage traditionally has function as phagocyte that eliminates pathogen, apoptotic cell and cell
debrises[17]. Beyond its traditional role in protecting the host from pathogens, macrophages play roles as a
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regulator of development, homeostasis, remodeling, and tissues repair. Macrophage undergoes polarization into
different phenotypes, known as M1 and M2 macrophages, in response to external stimuli [18], and contributes to
renal injury[19] and fibrosis[20]. However, there was little information about macrophage M1 and M2
involvement in hyperuricemic-induced renal injury. This study elucidates effects of uric acid levels reduction
through allopurinol administration in renal injury and inflammation after uric acid treatment.

MATERIAL AND METHODS

Animal Subjects

Male Swiss mice 3 months old weighting 30 — 40 grams were acquired from Animal Model Care Unit,
Gadjah Mada University. Mice were housed in animal facilities of Department of Anatomy, Faculty of Medicine,
Universitas Gadjah Mada, Yogyakarta, Indonesia. Mice were housed under 12-hour of the natural light-dark
cycle, humidity 50+£5%, in plastic cages with 50x30x15cm in size, and with free access to standard food and
water[21]. Mice were treated in compliance with the regulations and protocols of Medical and Health Research
Ethics Committee (MHREC) of Faculty of Medicine, Universitas Gadjah Mada — Dr. Sardjito General Hospital
(Forum for Ethical Review Committees in Asia and Western Pacific / FERCAP) for research involving animal.
The study got ethics commitee approval from MHREC based on statement letter of ethical expediency no.
KE/FK/1361/EC/2015 on December 2nd 2015. MHREC states that the research protocol meets the ethical
principle outlined in the Declaration of Helsinki 2008.

Mice were adapted in the housing for 7 days prior to treatment. Mice were divided randomly into 5 groups ie
control group, UAY group, UAL14 group, UA7ALY group, and UA14AL7 group. This group divided according to
previous research [20,22]. Sample size was calculated using Federer formula[23], which was 5 mice in each
group so the total sample was 25 mice.

Mouse hyperuricemia model was generated by daily intraperitoneal injection of uric acid (U2625-25G,
Sigma Aldrich) (125mg/kg), meanwhile NaCl 0.9% injection was used for control. Group of mice (n=5) were
killed at 7 d (UA7 group) and 14 d (UA14 group). Another 2 group of mouse hyperuricemia model was
generated. Blood uric acid levels was lowered using daily peroral allopurinol (A8003-25G, Sigma Aldrich,
50mg/kg) based on previous study[22]. Allopurinol was given for 7d (UA7AL7 group) and 14 d (UAL4AL7
group) in hyperuricemic mice model. Uric acid dosage was refered to previous research and the results of
optimization that has been done during this research. Dose of allopurinol was refered to previous
research[24,25].

After the treatment was complete, mice was anesthetized with pentobarbital 1:10 (0.1 mL / 10gBB) via
intraperitoneal injection[26]. Blood was collected from retroorbital vein for measuring serum levels of uric acid
and creatinine. Abdomen and thorax were opened after deep anesthesia, and perfusion with NaCl 0.9% was
performed via cardiac apex. Left kidney was harvested, put into RNA Later (7021, Ambion) solution for further
RNA isolation. Right kidney was put into Normal Buffer Formaline (NBF) solution and then made into paraffin
blocks.

Histologic examination of glomerular and arteriolar injury

Mouse kidney parrafin blocks were made into 4pum thick kidney sections. Kidney sections were stained with
periodic acid-Schiff (PAS). Glomerular and arteriolar injuries were scored semi-quantitatively as described
previously [27,28]. For evaluation of glomerular injury score, 20 glomeruli from each specimen were examined
under light microscope (Olympus CX22®) and the image was captured using the Optilab software in 400x of
magnification. Each glomerulus was scored as follows: score 0 = normal glomerulus; score 1 = damage < 1/3
glomerular area; score 2 = damage 1/3 - 2/3 glomerular area; score 3 = damage > 2/3 to entire area of the
glomerulus. Glomerular damage was defined as sclerosis deposition, capillary tuft closing and adhesion of
glomerulus to Bowman’s capsule. For evaluation of arteriolar injury score, 20 glomeruli from each specimen
were examined and were scored as follows: score 0 = normal arterioles; 1 = hyalinosis of <50% arteriolar wall
circumference; score 2 = hyalinosis of 50-100% arteriolar wall circumference without luminal narrowing; score
3 = hyalinosis of 100% arteriol wall circumference with luminal narrowing of arteriol.

Imunohistochemical (IHC) staining

Paraffin embedded sections were stained with anti-CD68 (ab955, Abcam) for pan-macrophages detection
and anti-Arginase | (sc-20150, Santa Cruz Biotechnology) for M2 macrophages detection. IHC staining was
completed using Starr Trek Universal HRP Detection Kit (STUHRP700HKit, Biocare Medical).

Briefly, after deparaffinization, antigen retrieval with heating method using citrate buffer for 15 minutes was
used, continued by inhibition of peroxidase with H202 3% for 5 minutes. Slides were incubated in 1% BSA in
PBS for unspecific blocking, continued by incubation of first antibodies: anti-CD68 antibody (1: 400) and
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anti-Arginase | antibody (1: 500) for overnight at 40C. Secondary antibody was applied using Trekkie Universal
Link 1-2 drops for 60 minutes, then Trek Avidin HRP label 1-2 drops for 45 minutes. DAB labeling was done,
continued by counter staining with hematoxylin.

Slide viewed with light microscope (Olympus CX22®) and the image was captured using the Optilab
software. CD68 and Arginase | positive cell numbers per high-power field (x400) were counted. Ten randomly
selected field of each kidney were counted. Macrophage M1/M2 ratio was calculated according to previous
research[29] with a modification. M1 macrophages count calculated by CD68 positive cell count
(pan-macrophages count) — Arginase | positive cell count (M2 macrophages count). The M1/M2 ratio calculated
by dividing M1 macrophages count / M2 macrophages count.

RNA extraction, cDNA synthesis and Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from 50-100 mg of the left kidney tissue using GENEzol™ (GZR100, Geneaid)
according to the instructions by the manufacturer. RNA concentration was quantified using a spectrophotometer.
cDNA was synthesized from 3ug of total RNA using ReverTra Ace® Kit according to the instructions by the
manufacturer (Toyobo, TRT 1001).

PCR was performed using GoTag® Green Master Mix (M7122, Promega) on 2 pl aliquots of cDNA with
spesific primer pairs. The sequences of primer pairs as follows: Monocyte Chemoattractant Protein-1 (MCP-1)
(forward: 5-CTA CAG ACA AGC TCA ACC ACC ACT TCT GTA G -3 '; reverse: 5-GGC ATC ACA ACA
GTC GTC CGA C -3)), endothelial Nitrite Oxydase Synthase (eNOS) (forward: 5'-GTC GTG CAG CTG CAA
ACC AG -3 '; reverse: 5-TGG GTG CGC GTG AAT AGT C -39, and Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) (forward: 5-TGT GTC CGT CGT GGA TCT GA -3 ’; reverse: 5'-AAG TTG TTG
CTG TCG CAG GAG -3'). PCR conditions as follows: initial denaturation 94°C for 2 min, 30 cycles with 94°C
for 10 seconds, 60°C for 30 seconds and 72°C for 1 minute, final extension phase 72°C for 10 minutes. The PCR
products were size fractioned on a 2% agarose gel and detected by GelRed™ (41003, Biotium) staining.
Quantification was performed by measurement of the intensity of the signals with aid of Image J software.

Statistical analysis

Statistical analysis was performed using SPSS 22 software for windows. Comparison between groups were
made using one way ANOVA test and post hoc LSD test if data were normally distributed. If data were not
distributed normally then data analized with Kruskal-Wallis test and post hoc Mann-Whitney test. P <0.05 was
considered significant.

RESULTS

Reduction of uric acid in allopurinol groups associated with reduction of creatinine, glomerular injury
score and arteriolar injury score

Uric acid treatment in mice induced increased serum uric acid levels after 7 and 14 days of treatment, the
same as shown by our previous result[30]. Then, we administered allopurinol for reducing serum uric acid levels
in mice. Figure 1B and 1C showed that allopurinol which was given to UA7AL7 and UA14AL7 group lowered
serum uric acid levels and serum creatinine levels was lowered as well.

Hyperuricemia (UA7 and UA14 groups) caused glomerular injury in mouse kidney, characterized by
sclerosis, synechiae and thickening of the basement membrane. Kidney arteriolar also damaged in form of
narrowing lumen and hyalinosis (Figure 1A). When serum uric acid levels was lowered (UA7AL7 and
UA14AL7 groups), the damage was ameliorated (Figure 1A). Semiquantitative analysis of both glomerular and
arteriolar injuries showed reduction of both injuries in mice with allopurinol (Figure 1D and 1E).

Hyperuricemia decreased eNOS expression in mouse kidney

Further, we examined eNOS expression to confirm reduction of vasodilator agent which might contribute to
arteriol injury. Hyperuricemia groups (UA7 and UA14 groups) had significant reduction of eNOS expression
compared to control. Meanwhile, administration of allopurinol after hyperuricemia condition increased eNOS
expression significantly (Figure 1G). We did not found significant difference in eNOS expression between
control and UA7ALYTY group).

Hyperuricemia cause inflammation in kidney

We examined the expression of MCP-1 in mouse kidney to assess inflammation. Hyperuricemia increased
MCP-1 expression in mouse kidney compared to control (Figure 1F). We stained kidney sections with
anti-CD68 and anti-Arginase | for assesment of macrophage infiltration in mouse kidney (Figure 2A). Increased
expression of MCP-1 was accompanied with macrophage infiltration in tubulointerstitial region of mouse kidney.
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In mouse hyperuricemia model, M1 macrophage count (Figure 2B) were higher than M2 macrophage count
(Figure 2C), resulted in higher M1/M2 ratio (Figure 2D). When we lowered serum uric acid levels using
allopurinol, the M1/M2 ratio was lowered as well.
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Figure 1. (A) Histopathologic examination of mice kidneys with PAS staining, light microscope of 400 times magnification.
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Note: (=) synechiae, (=) ) glomerulosclerosis, inside oval box: arteriole. Glomerular damage occured which was
characterized by glomerulosclerosis, synechiae, and thickening of the basement membrane in all groups except the
control. Glomerulosclerosis occured most severe in UA14 group. Afferent arteriolar was damaged in the form of
narrowing lumen and hyalinosis. The most severe damage was on the UA14 group, where there was total
obliteration of the lumen of the afferent arterioles. (B) Serum uric acid levels bar chart. (C) Serum creatinine levels.
(D) Glomerular injury score bar chart. (E) Arteriolar injury score bar chart. (F) MCP-1 gene expression bar chart.
(G) eNOS gene expression bar chart. (H) MCP-1, eNOS and GAPDH gene expression electrophoresis band. * = p
<0.05 vs Control; # = p <0.05 vs UA7; + = p <0.05 vs UA14
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Figure 2. (A) Immunohistochemical staining of CD68 and arginase | antibodies, observed with light microscope of 400 times
magnification. Brown stained cells which showed by arrow were macrophage cells. Macrophages that express
CD68 highest were in the UA14 group. Macrophages that express arginase | highest were in the UA14AL7 group.
(B) Macrophage M1 count bar chart. (C) Macrophage M2 count bar chart. (D) Macrophage M1/M2 ratio bar chart.
* =p <0.05 vs Control; # = p <0.05 vs UA7; £ = p <0.05 vs UA14

DISCUSSION

This study was continuation of our previous study, which uric acid 125mg/kg/day intraperitoneal injection
induced hyperuricemia condition with elevation of serum uric acid levels[30]. Furthermore, we administered
allopurinol orally after 7 and 14 days of uric acid injection for 7 days. Allopurinol administration reduced serum
uric acid levels in both of 7 and 14 days uric acid injection groups (UA7AL7 and UA14AL7 groups) as shown in
figure 1B. We also examined serum creatinine levels and found that it increased associated to serum uric acid
levels in UA7 and UA14 groups. Meanwhile, groups of mice that were given allopurinol (UA7AL7 and
UAL4AL7) showed their serum uric acid levels were significantly lower than the control group. This suggests
allopurinol 50 mg/kg/day can lower serum uric acid levels in hyperuricemic mice. Normal uric acid levels in
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mice ranged from 0.5 to 1.5 mg / dL [31]. These results are consistent with another previous reports[24,25]. This
result showed a decrease in serum uric acid levels has a beneficial effect on the kidney function and consistent
with previous study[32] that obtained results of allopurinol administration reduces serum creatinine levels in
hyperuricemic mice.

All groups had glomerular and arteriolar injury score higher than the control, showed the damage caused by
hyperuricemia. In the other hand, UA7AL7 group glomerular injury score lower than UA7 group, showed
improvements in glomerular damage when blood uric acid levels lowered. The same thing also seen on the score
of UA14AL7 group glomerular injury score compared to UA14 group. These results are consistent with the
results of recent study[33] that obtained results of hyperuricemia caused renal glomerulosclerosis, while
allopurinol lower glomerular injury that occurred.

Previous investigation showed that hyperuricemic mice have hypertension and afferent arterioles thickening.
The study also showed that the thickening of the afferent arterioles mediated by a direct effect of uric acid on the
proliferation of vascular smooth muscle cells by activation of RAS[34]. Another study also showed that
hyperuricemia accelerate renal injury by enhancing expression of renin in the renal cortex and expression of
cyclooxygenase-2 (COX-2) in the afferent arterioles[35]. Uric acid cause activation of MAPK and NF-kB on
smooth muscle of arterioles [36] and tubular epithelial cell that increases the expression of proinflammatory
cytokines MCP-1 thus encourage infiltration of macrophages into the interstitial renal[22]. These macrophages
then will produce cytokines such as TNF-a and MCP-1 that induced inflammatory process in kidney tissue and
infiltration of more macrophages[37].

Arteriolar injury in UA7 and UAL14 groups might associated with significant downregulation of eNOS
expression in those groups. In this study, the UA7 and UA14 group has a significantly lower eNOS expression
compared to control, UA7AL7 and UA14AL7 group, indicated endothelial dysfunction in hyperuricemia (Figure
1G). eNOS expression of UA7AL7 and UA14AL7 group were significantly higher than UA7 and AL14, showed
an improvement in endothelial function after serum uric acid levels lowered. Uric acid induced endothelial
dysfunction as a result of oxidative stress. Previous study showed that in a mouse model of OA-induced
hyperuricemia, intrarenal hyperuricemia causes oxidative stress, increased expression of NOX-4 subunit of
NADPH oxidase and angiotensin |1, and decreased bioavailability of nitric oxide (NO)[13]. Subsequent research
had reported that endothelial dysfunction induced by uric acid is associated with changes in the mitochondria
and decreased intracellular ATP concentration. Uric acid causes a decrease in the expression of the enzyme
aconitase-2 and enoyl CoA hydratase-1 in the mitochondria. There was also an increase in mitDNA damage and
decrease in mitochondria mass in endothelial cells[38].

Uric acid induces inflammation process, especially in kidney. In vitro study using renal tubular epithelial
cells showed increased MCP-1 expression after administration of uric acid[22]. This study also revealed
upregulation of MCP-1 expression in UA7 and UA14 groups compared to control. Reduction of serum uric acid
levels in UA14AL7 group might associate with significantly decreased MCP-1 expression compared to UA14
group. Focusing on the M1 and M2 macrophage polarization, we did IHC staining of anti-CD68 and
anti-Arginase | antibodies. The M1/M2 ratio was quantified based on the IHC. This research obtained results
UA7 and UA14 group had significantly higher macrophage M1/M2 ratio compared to control, UA7AL7 and
UA14AL7 group (Figure 2D). It indicated when serum uric acid levels was high, the number of M1
macrophages was high while the number of M2 macrophages was low. Furthermore, when the serum uric acid
levels decreased (UA7AL7 and UA14AL7 groups), the number of M1 macrophages decreased while the number
of M2 macrophages increased. This resulting in significantly lower macrophage M1/M2 ratio compared to
control which showing improvement in allopurinol given group.

A study showed that uric acid induced TNF-a expression in renal tubular epithelial cells[22]. Uric acid can
gain entry into the macrophages where it interacts with NLRP3 inflammasome to produce IL-1f. The IL-1p then
attracts macrophages to the kidney[39]. TNF-a will induce macrophages polarization into M1 form. The M1
macrophages then produce more TNF-a, MCP-1 and IL-6 that further recruit more macrophages and induce
more macrophages to polarize into M1 form[40,41]. Uric acid can also directly activate Toll-like receptors
(TLR), especially TLR2/TLR4, in macrophages which activate NF-kB pathway that drive the macrophage into
M1 form[40].

When serum uric acid levels decreased, a decrease in the number of M1 macrophages may occur due to M1
macrophages polarized to M2 which has the function of tissue repair. A recent study with a mouse model of
ischemia-reperfusion, obtained results that the failure of macrophages to switch from proinflammatory
phenotype M1 to M2 can encourage inflammation and progressive renal fibrosis, even after resolution of
ischemia-reperfusion injury[19]. On the other hand, macrophages M2 also has a profibrotic effect. M2
Macrophages can release insulin-like growth factor-1 (IGF-1), fibroblast growth factor-2 (FGF-2) and
platelet-derived growth factor (PDGF), which promotes myofibroblast proliferation [42]. Another recent study
showed the macrophages have an important role in the onset of renal fibrosis. This study, using a mouse model
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of UUO (unilateral ureteral obstruction), got the results that M1 subtype of macrophage infiltrated in the kidney
after acute kidney injury. Along with the passage of renal injury, macrophages polarized to the M2 subtype[20].

Based on the results obtained in the study, it can be concluded hyperuricemic mice that were given
allopurinol had significantly lower glomerular injury score, arteriolar injury score, MCP-1 expression, and
macrophages M1/M2 ratio compared to hyperuricemic mice model. eNOS expression in hyperuricemic mice that
were given allopurinol were significantly higher than hyperuricemic mice.
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