
INTRODUCTION

In developing countries, the number of kidney disease patients has 
become a devastating medical, social, and economic problem for 
patients and their families. There are few renal diseases etiology that 
can lead to renal ischemia-reperfusion resulting in acute kidney injury 
(AKI), associated with high morbidity and mortality rates in human 
patients1). Acute renal failure is one of the complications caused by 
decreased perfusion or blood flow resulted from several clinical prob-
lems, like, hemorrhagic shock, cardiac arrest, renal surgery, vascular 
surgery2). Renal ischemia causes the depletion of cell energy, accumula-
tion of intracellular sodium, reactive calcium and oxygen, activation of 
some enzymes, including protease, nitric oxide synthase (NOS), phos-
pholipase and endonuclease, causing cell damage and death. Returning 
blood flow to already ischemic organs is crucial in preventing tissue 
death. However, the reperfusion itself causes secondary local damage 
resulting from an acute inflammatory response which involves a tissue 
infiltration by the activity of both leucocyte and platelet. The imbalance 
between nitric oxide and superoxide mediated tissue damage3-5).

There are several different useable biomarkers to assess more early 
tissue damage levels, one of them is the cystatin C levels both in blood 
and in urine. The biomarker used in the present research to assess renal 
damage was cystatin C. It is a protein derived from a chain 120 amino 
acid and produced by a majority of cell nucleus. The gene for cystain C 
synthesis is in chromosome 20. Cystain C is contained in a systemic cir-
culation at a high concentration and considered as an important extracel-
lular inhibitor of cysteine protease13,14). Cystatin C is an endogenous sub-

stance alternative which has been proposed years ago, because it has an 
ideal characteristic as a GFR estimate. Some researches disclosed that 
protein is a better parameter in diagnosing a renal dysfunction5,6). Some 
studies have revealed that cystain C is more sensitive than serum cre-
atine in identifying decreases in renal function. In addition, cystain C is 
not affected by inflammatory process, sex, diet, and nutrient status. 
However, given that the substance is relatively new as a biomaker of the 
decrease of renal function, less studies have been conducted on it13,14).

Breadfruit (Artocarpus altilis) is known as one of the alternative 
sources of carbohydrate. Also, those breadfruit plants have several parts 
such as fruit, leaves, stems, and flowers that are believed to have benefi-
cial effects on health. The leaves have active ingredients such as sapo-
nins, polyphenols, hydrocyanic acids, acetylcholine, tannins, riboflavin, 
phenol, quercetin, and champorol. Quercetin is one of the compounds of 
the flavonoid group that has antioxidant and anti-inflammatory effects. 
Polyphenols are also reported to have strong antioxidant effects7).

Quercetin is an antioxidant with the strongest antioxidant activity 
against free radicals of hydroxyl and peroxyl, as well as superoxide 
anions. Nitrite oxide (NO) levels can be reduced by reaction with free 
radicals, superoxide anions, and ends in tissue damage. Several studies 
on quercetin bioflavonoid suggest that treatment with quercetin in isch-
emia-reperfusion injury can decrease destructive superoxide anion lev-
els, and maintain cytoprotective NO levels. Reintroduction of oxygen 
after tissue reperfusion may result in increased production of superoxide 
and hydrogen peroxide sharply. In this condition, quercetin in breadfruit 
leaf can decrease destructive superoxide anion content, and maintain 
cytoprotective levels of NO3,7,8). Therefore, this research would deter-
mine the effect of breadfruit leaf extract on renal ischemia/reperfusion 
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injury by assessing the parameters of renal tissue damage, represented 
by cystatin C level and the histopathological of the kidney. 

MATERIALS  AND  METHODS

The research was a laboratory-based preliminary research, substan-
tially falling into a basic research of male wistar mice, 250-300 g 
weight. The research design used was an experimental research, by 
determining cystatin C levels and histopathology in wistar mice treated 
with a left nephrectomy. The research findings were then analyzed sta-
tistically by an unpaired numeric comparative analysis. 

The mice were divided into three groups, each 10 mice. Anesthesia 
was performed by injection of ketamine 75 mg/kg intraperitoneal. To 
group I (sham group), a right nephrectomy was performed. To group II 
(control), a right nephrectomy was performed followed by an occlusion 
on left renal pedicle for 60 minutes and a perfusion was performed for 
60 minutes9-11). To group III (treatment) the same treatment was per-
formed as to group II, plus administration of 4.75% breadfruit leaf 
extract, given intraperitoneally before the operation. Toward the end of 
the research, a left nephrectomy was performed on the mice to deter-
mine the value of cystatin C levels and histopathological findings on the 
tissue11,12).

Plasma samples from the aortic blood vessels of Wistar rats will be 
sent to the Clinical Pathology laboratory for assessment of cystatin C 
levels in serum using ELISA. Cystatin level was analyzed using com-
parative test using one-way ANOVA and Bonferroni post hoc test.

Left kidney was fixated by formalin and placed in paraffin and col-
ored by hematoxylin eosin (HE). All samples were assessed by a single 
anatomic pathologist. The parameters assessed were glomerular atrophy 

and edema, tubular morphologies, and interstitial morphologies7,15). 
Correlation test of Renal histopathology score was analyzed using 
Kruskal-Wallis and Mann-Whitney post hoc test.

RESULT

Renal Cell Histopathology 
Figure 1 displayed the mean necrosis of tubular renal cells of renal 

ischemia/reperfusion in Wistar mouse. In the control group (group treat-
ed with a right nephrectomy followed by an occlusion on left renal pedi-
cle for 60 minutes and perfusion was performed for 60 minutes), the 
mean was 8.6 ± 0.84, with maximum value 10 and minimum value 7. 
The lowest mean renal cells histopathology was at the sham group (the 
group with no treatment at all), 4.4 ± 0.52, with maximum value 5 and 
minimum value 4. For the treatment group (group treated with a right 
nephrectomy followed by an occlusion on left renal pedicle for 60 min-
utes and perfusion was performed for 60 minutes, plus administration of 
4.75% breadfruit leaf extract), the mean value is 6.3 ± 1.70, the maxi-
mum value is 9 and the minimum value is 4.

The results of statistical analysis of Kruskal-Wallis by F test in the 
renal cells histopathology showed a p value 0.000 (p < 0.05), meaning 
that there is a very significant difference of necrosis levels of tubular 
renal cells in at least a pair of treatment group. To determine the group 
that caused a different effect on the renal cells histopathology, Mann-
Whitney U post hoc test. 

Table 1 showed there was correlation between groups with Eta cor-
relation coefficient of 0.847. The histopathologic parameter shown that 
breadfruit leaf extract can improve significantly the condition of renal 
ischemia-reperfusion injury.

Cystatin C 
Figure 2 showed the mean cystatin C levels of renal ischemia/reper-

fusion in Wistar rats. The highest mean cystatin C kevels of renal isch-
emia/reperfusion in Wistar mouse was at treatment group (3942.70 ± 
326.75), the maximum value is 4485 and the minimum value is 3378. 
The lowest mean cystatin C level was at the sham group (3183.20 ± 
680.86), with a maximum value of 1861 and minimum value 3952. For 
the control group, the mean value was 3776.40 ± 326.74, the maximum 
value is 4231 and the minimum value is 3094.

The results of statistical analysis of one-way ANOVA by F test in 
the mean cystatin C levels showed a value of p < 0.05 (p = 0.003), 
meaning that there is a very significant difference of cystatin C levels 
generated in at least a pair of the treatment group. To determine the 
treatment group that caused a different effect on the cystatin C levels 
generated, a post hoc Bonferroni test was carried out. Based on the 
Bonferroni test, the cystatin C level in the sham group differed signifi-
cantly from the control group (p-value < 0.05), while the other groups 
were not significantly different from the treatment group. This result 
showed cystatin C levels were not correlated with the administration of 
Breadfruit leaves extract.

DISCUSSION

In acute ischemia/reperfusion injury, renal ischemia caused cell 
damage and cell death by the depletion of cellular energy, where there 
occurred an accumulation of sodium, calcium, and reactive oxygen in 

Figure 1: Comparison of Renal Cell Histopathology Between 
Groups

Table 1: Mann-Whitney U Test of Renal Histopathologic Score
 Sham vs.  Sham vs.  Control vs. 
 Treatment Control treatment

Mann-Whitney U 16.0 0 12.0
Wilcoxon W 71.0 55.0 67.0
Z -2.6 -3.882 -2.941
Asymp. Sig. (2-tailed) .007 .000 .003
Exact Sig. [2*(1-tailed  .009 .000 .003
Sig.)]

Figure 2: Cystatin C Level between Groups
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intracells, and activation of multiple enzyme system2,6,16). Though reper-
fusion is vital in preventing tissue death, it may also cause secondary 
local damage due to acute inflammatory responses involving a tissue 
infiltration activated by platelet and polymorphonuclear leucocyte5,8). 
The tissue damage is mediated by cytokine, a local imbalance between 
nitrite oxide levels and superoxide3,4,8).

The results of this study show that the administration of breadfruit 
leaf extract significantly improves the condition of renal ischemia reper-
fusion damage when seen from histopathologic parameters of renal 
cells. Several studies of renal ischemic reperfusion injury have shown 
that histopathologic features after experimental intervention can assess 
changes in glomerular damage, renal tubules, necrotic levels, and leuko-
cyte infiltration15,17).

This study has shown that pre-treatment with breadfruit leaf extract 
can decrease renal damage through the protective effects of quercetin in 
renal tubular cells and inhibition of leukocyte infiltration into renal tis-
sue. This is consistent with other studies investigating the effects of 
quercetin on reperfusion ischemia injury models in rabbit muscle, where 
quercetin can balance NO and superoxide levels8). Low-concentration 
nitric oxide acts as a renoprotective agent against renal ischemia, as it 
can serve as a vasodilator, anti-inflammatory and antioxidants18).

However, in this study, breadfruit leaf extract did not significantly 
affect the condition of renal function based on the serum cystatin C 
parameters. This may occur due to the small number of samples, 
reduced breadfruit leaf concentration due to previous intraperitoneal 
anesthesia agent, damaged cystatin C reagents, or previous renal func-
tion impairment prior to left kidney nefrectomy. Cystatin C itself was 
chosen as a renal function test because it can indirectly assess GFR17,18) 
and favourable compared to other tests, such as NGAL, KIM-1, or renal 
scintigraphy, due to limited facilities in the author’s laboratory. 

CONCLUSION

Based on the results of this study, it has been proven that the extract 
administration Breadfruit leaves 4.75% in Wistar rats with reperfusion 
ischemia injury model kidneys can reduce the damage to kidney cells 
damaged by ischemic injury renal reperfusion based on histological 
parameters, but had no effect on kidney function based on Cystatin C 
parameters.
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