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ABSTRACT
Introduction: Kidney disease is a common disease worldwide. The leaves 
from Pterocarpus indicus Willd. is alternatively applied for prevention 
therapy of patients with kidney diseases. Objective: The aim of this study 
to demonstrate the scientific nephroprotective effect of water-boiled P. in-
dicus leaves evaluated from urine volume, sodium and potassium levels. 
Materials and Methods: Thirty male Sprague-Dawley rats were divided 
into five treatment groups; group I (control), group II (gentamicin-induced 
80 mg/kg i.p from day 15 to 21), and group III to V (induced; variated dos-
es respectively 28.8 mg/kg; 57,6 mg/kg; and 115,2 mg/kg bw which was 
given for 21 days orally as single doses). Nephroprotective effects were 
observed as abnormal from levels of urinary volume. Results: Obtained 
results on sodium and potassium levels show the group given the highest 
dose (115,2 mg/kg) resulted in decreased sodium levels and increased lev-
els of urinary potassium as well as having a significant difference (p<0,05) 
to the induction group. Observed 24-hour urine volume, however, did not 
show any significant signs of nephroprotective effects. Conclusion: It can 

be concluded that the leaves of P.indicus have potential nephroprotective 
properties. 
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INTRODUCTION
The kidney is one of the major target organs suffered from toxic sub-
stances other than the liver. This is caused partly because the kidney is 
the main route for excretion of toxic substances (e.g. reactive oxygen spe-
cies, etc.). In addition, the kidneys have a vast volume of blood flow to 
concentrate the toxic substances in the filtrate, bringing the toxic sub-
stances through the tubular cells and potentially activate specific toxic 
substances.1 Kidneys remove toxic substances from the body through 
glomerular filtration, tubular diffusion, and tubular secretion mecha-
nisms. Glomerular capillaries have large pores, causing most of the toxic 
substances being able to pass through the glomerulus and experience 
passive absorption in tubular cells, and resulting in every part of the 
nephron marred by potentially nephrotoxic agents.2

One cause of renal dysfunction is the induction of drugs with nephro-
toxic side effects, such as aminoglycoside antibiotics, tenofovir, ampho-
tericin B, cisplatin, carboplatin, cyclosporine.3 Gentamicin is an amino-
glycoside antibiotic known to have ototoxicity and nephrotoxicity as side 
effects. Gentamicin toxicity is a result of the accumulation and retention 
of aminoglycosides in proximal tubular cells.4 Other factors that cause 
renal toxicity is the increase of reactive oxygen species (ROS), which can 
induce oxidative stress in the kidney. Currently, the use of gentamicin 
as nephrotoxic agents conducted in animals and humans is commonly 
applied in studies.5 
Gentamicin can cause tubular necrosis and increase free radicals in the 
kidneys, resulting in kidney damage characterized by increased plasma 
urea and creatinine, albuminuria, decreased glomerular filtration rate 

(GFR), and renal dysfunction.6 Clinically reduced GFR is proportional 
to the volume of urine produced; decrease in urine volume can reach to 
400 mL in humans on gentamicin-induced nephrotoxicity.5,7 Necrosis of 
tubular reabsorption mechanisms causes dysfunction and tubular secre-
tion, resulting in a change of the content of electrolytes such as sodium 
and potassium in the urine.8 Therefore, the observation of urine volume 
and sodium and potassium in the urine can be used as a parameter of 
renal damage.
Authentic medicine is widely used for prevention, diagnosis, and treat-
ment of various diseases and has received public attention during the 
past 20 years as a kind of medication that is readily available in some 
areas.9 The skin of the roots and leaves of Pterocarpus indicus Willd., also 
known as “Angsana”, have been used by most Indonesian people to treat 
kidney disease; yet the use of P.indicus leaves in the treatment of kidney 
diseases is not supported by scientific data.10

P.indicus leaves contains chemical compounds, e.g. (-)-epicatechin, 
isoflavones, flavones, narrin, santalin, pterocarpine, pterocarpol, 
β-eudesmol, etc.11,12 The flavonoid content is alleged for its role in the 
treatment of kidney disease. Flavonoids work as antioxidants and oxidize 
free radicals. They prevent renal oxidative stress by increasing glutathi-
one (glutathione sulfhydryl or GSH), GSH synthesis induction, or scav-
enger effect on reactive oxygen species (ROS).13 Flavonoids contained in 
P.indicus leaves may be capable of acting in the prevention of nephrotox-
icity caused by an increase of ROS which contributes to the death of the 
nephrons in the kidney.
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A study on free radical activity in leaves of P.indicus shows that leaves 
which were extracted using decoction method with n-hexane and then 
with 70% ethanol resulted positive. Screening of free radical activity of 
P.indicus extract was done with DPPH (2,2-diphenyl-1-pycrilhidrazyl) 
and DPPH free radical binding ability was measured at a wavelength 
of 518 nm using a UV-Vis spectrophotometer. The results showed the 
hexane extract from the leaves of P.indicus had IC50 of 159 mg/mL and 
ethanol extracts of P.indicus leaves showed IC50 of 27.4 mg/mL.14 This 
shows that leaves from P.indicus have potential free radical scavenger 
activity. However, systematic and scientific reports on the investigation 
of P.indicus for its effects on renal function are scarce. Therefore, the 
kidney-protective activity of P.indicus leaves in gentamicin-induced rats 
in terms of urine volume, sodium and potassium levels was investigated.

MATERIALS AND METHODS

Plant materials
Fresh leaves were found and collected from Majalengka, West Java, Indo-
nesia and were identified by the Research Center for Biology, Indonesian 
Institute of Sciences (LIPI), Cibinong, Bogor, Indonesia, with the deter-
mination specimen number 13-407/IPH.3./KS/II/2016. 

Preparation of plant materials
P.indicus leaves were rinsed with running water. The leaves were then 
carefully weighed 2.9 grams, an equivalent of 3-4 leaves. Fresh leaves 
were further boiled with 500 mL of distilled water using a low heat until 
reaching 100°C and acquired half the initial volume of 250 mL. Test solu-
tions were made fresh every day for treatment of test animals. 

Animal Study
White male Sprague-Dawley rats that were used in this experiment were 
obtained from the Bogor Agricultural Institute (IPB), weighing 150-
200 grams, 8 weeks of age as much as 30 individuals. Before treatment, 
the animals were acclimatized for 14 days in standard animal cages to 
adapt at standard condition temperature (25±20°C) and light (12 h light/
dark cycles). During the acclimatization conducted, observation of the 
general state of test rats and weighing was done every day. Permission 
and approval for animal studies were obtained from ethics committee in 
Faculty of Medicine, Universitas Indonesia (Approval No. 236/UN2.F1/
ETIK/2016).

Acute renal injury-induction method
Induced nephrotoxicity determination was made based on the results 
of research that were conducted. Induction was performed using gen-
tamicin (GM) at a dose of 80 mg/kg bw given for 7 days showed that 
gentamicin dose in a period and has been able to cause kidney damage 
characterized by elevated plasma creatinine levels. 

Dosage and Treatment Duration
Selection of dose and duration of treatment provision is based on the re-
sults of previous studies that used the provision of water-boiled P.indicus 
leaves at the dose 11.52 mg/200 g bw orally for 21 days. P.indicus leaf 
decoction dose of 11.52 mg/200 g bw was set to be dose II. Dose I is half 
of dose II and dose III is twice of dose II. Doses used in the main study 
are respectively 5.76 mg/head, 11.52 mg/head and 23.04 mg/head and 
duration of P.indicus administration is 21 days.

Animal grouping and treatment
The research was conducted using 30 male rats that were weighed and ran-
domly divided into five treatment group of 6 rats and treated as follows 
(Table 1): Group I (control) were administered distilled water. Group II 

as the GM-induced group was administered distilled water from day 1 to 
day 14 and gentamicin intraperitoneally from day 15 to day 21. Group III, 
IV, and V were respectively administered the test preparation in the form 
of water solutions of P.indicus leaves with graded doses respectively 5.76, 
11.52, and 23.04 mg/200 g bw. Group III, IV, V were given the test prepara-
tion for 21 days and were given gentamicin intraperitoneally on day 15 to 
day 21. On day 22, test animals were put in metabolic cages and cumulative 
24-hour urine collection was conducted in all groups for observation of 
urine volume, urinary sodium, and potassium levels. 

Urine Examination
At the end of the 22nd day, test animals which fasted overnight were 
weighed, given water, followed by group treatment. During the experi-
ment, the test animals were placed in metabolic cages for up to 24 hs after 
administration of the treatment. Urine was collected in falcon tubes that 
were given 0.5 ml of toluene (Merck, Germany). After urine collection, 
each tube containing urine from each treatment group was observed 
based on the volume and compared quantitatively. Measurement of so-
dium and potassium levels were analyzed by atomic absorption spectro-
photometry. Collected urine was taken as much as 0.5 g and placed in 
Erlenmeyer flasks before adding 2 mL HNO3 (Merck, Germany). The so-
lution was then sonicated for 30 min and filtered with filter paper. Mea-
surements were conducted using atomic absorption spectrophotometer 
Shimadzu AA-6300 Japan, at a wavelength of 589.0 nm for sodium and 
766.7 nm for potassium.

Statistical Analysis
All values were represented as mean ± standard deviation (SD). Data 
obtained from this work were analyzed statistically using SPSS. Analysis 
conducted were homogeneity (Levene test) and test of the normal dis-
tribution (Shapiro-Wilk test). To see the relationship between the treat-
ment groups, one-way analysis of variance (ANOVA) was conducted 
followed by an analysis of Significant Difference test (LSD). Differences 
between means will be considered significant at 5% level of significance 
i.e P<0.05.

RESULTS

Urine Volume Examination
Observations of 24-h urine volume (Table 2) show that the urine volume 
average after 21 days of treatment in each group shows no significant 
difference between the control group with the other treatment groups, 
based on a one-way ANOVA (α=0.05) on a 24-h urine volume data.

Sodium and Potassium Assay on 24-h Urine
The measurement results of urine sodium and potassium levels on aver-
age within 24 h after 21 treatment days can be seen in Table 3. Based 
on the one-way ANOVA (α=0.05) on urine sodium levels, it was found 
that there was a significant difference of sodium levels between the in-
duced group and dose III group. Based on a one-way ANOVA (α=0.05) 
on levels of potassium in the 24-h urine, it was found that there was a 
significant difference of potassium levels between the induced group and 
dose group III.

DISCUSSION
The most common limitation of gentamicin is nephrotoxicity. Acute kid-
ney injury is highly possible in human as well as animal subjects over-
dosing of gentamicin. Gentamicin’s intracellular metabolism induces 
the formation of toxic reactive metabolites into free radicals. Hydroxyl 
radicals formed during oxidation lead to lipid peroxidation, causing 
oxidative deterioration, structure and function modification of polyun-
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saturated lipid in membranes. These reactive metabolites suppresses the 
concentration of antioxidants, superoxide dismutase, glutathione, cata-
lase, and other factors that contributes to tissue protection and removes 
reactive oxygen species.5, 15-17

Criteria of acute renal failure severity according to the AKIN (Acute 
Kidney Injury Network) suggested urine output as one of the criteria 
observations for acute renal failure.7,18 Urine output may decrease gradu-
ally 0.5 mL/kg/hr for 6-12 hours for AKI.7 Therefore, observations on 
urine volume in group II (GM) should indicate lower urine volume to 
group I (normal). Results of 24-h urine volume measurements indicate 
that treatment groups given P.indicus leaves at three varied doses did not 
approach similarity with the control group, but experienced a trend of 
increasing urine volume proportional to the increase in dose. Moreover, 
the observation on 24-h urine volume showed that the mean urine vol-
ume in the induction group resulted higher than the control group. The 
results do not describe kidney damage based on the criteria of damage 
by AKIN which should have tended to oliguria or anuria. Unstable ROS 
and TGF activity may be several factors causing results unexpectedly dif-
ferent to AKIN parameters. In addition, the presence of different tubular 
and glomerular mechanisms that contribute to the GFR result in an in-
significant water expenditure, even with the presence of TGF response. 
Various nephrotoxicity studies using aminoglycosides show urine out-
put in early stages of acute renal failure is non-oliguria or polyuria, but 
creatinine and urea accumulation in the blood can still be detected.5,7,19 
In addition, many factors affecting urine volume may cause insignifi-
cant results in showing presence or absence of nephrotoxicity in kidneys. 
One study conducted by Portella et al. favor the occurrence of polyuria 
in the gentamicin-induced group. The study describes the provision of 
Echinodorus macrophyllus on urine elimination, in a dose-dependent 
induction group with gentamicin, presented polyuria and decreased 
GFR.19 Therefore, observation of urine volume did not significantly de-
scribe tubule damage in the kidney, thus not able to describe expected 
effects for nephrotoxicity.
Internal environment regulation of body cells is primarily maintained 
by the kidney through glomerular filtration, reabsorption and emission 
by tubules, and also hydrogen particle exchange. In normal situations, 
most of the substances such as urea, creatinine, protein, electrolytes and 
glucose are reabsorbed by the tubules within normal concentrations. 
Those substances appear in the urine if plasma level exceeds or when 
renal tubules defects, possibly resulting in nephrotoxicity.20 Thus, urine 
sodium and potassium levels can predict its correlation as demonstrated 
in the present study. Measurements for 24-h urinary sodium in group V 
presented low concentration of urinary sodium. In absolute terms, the 
average level of 24-h urinary sodium under normal conditions is 54.3 
to 81.0 mEq/L in male Sprague-Dawley rats.21 Observation on mean so-
dium content suggested that very low levels were obtained due to sodium 
being a compound that is actively reabsorbed back into peritubular cap-
illaries caused by the different gradients which are formed when water 
is reabsorbed in the proximal tubules and collecting ducts that may af-
fect sodium levels excreted into the urine, resulting in low urine sodium 
levels.
Under normal conditions, the average number for potassium in 24-h 
urine samples on male Sprague-Dawley rats is 168.0 to 292.7 mEq/L.21 
Results of the study suggested that mean potassium levels in the group 
I, group IV and group V were still within the normal range, whereas 
the group II and group III were below the normal range. This gives an 
illustration that increasing the dose of P.indicus leaves is directly propor-
tional to the increase in urinary potassium levels close to normal.
Taken together the results on 24-h urinary sodium and potassium levels, 
group V presented a significant difference to group II. This is due to the 
induction of secondary metabolites of flavonoids, tannins contained in 

Table 2: Average urine volume per treatment group

Group (n=6) Mean Urine Volume (mL) ± SD

Control 14.5 ± 2.51*

GM-Induced 19.2 ± 3.36#

GM:Dose 1 18.2 ± 2.40#

GM:Dose 2 18.3 ± 2.89#

GM:Dose 3 19.4 ± 2.60#

# : Significantly different (p ≤ 0,05) with control group;

*: Significantly different (p ≤ 0,05) with induction group

Table 3: Sodium and potassium levels in the 24-hour urine

Group (n=3)
Mean Sodium Levels 

(mEq/L) ± SD
Mean Potassium Levels 

(mEq/L) ± SD

Control 9.25 ± 0.51* 241.97 ± 2.50*

GM-Induced 24.54 ± 8.56# 96.09 ± 14.27#

GM:Dose 1 25.33 ± 1.96# 159.71 ± 22.27#*

GM:Dose 2 18.49 ± 1.62# 195.16 ± 13.28#*

GM:Dose 3 12.28 ± 2.03* 224.76 ± 15.00*

# : Significantly different (p ≤ 0,05) with control group;

*: Significantly different (p ≤ 0,05) with GM-Induced group

water-boiled P.indicus leaves that play a role in counteracting free radi-
cals that were caused by administration of gentamicin. Levels of sodium 
and potassium in group V were normal, resulting in no significant dif-
ference to the control group. No significant decrease in levels of sodium 
and increased potassium levels in group III and group IV were possibly 
due to the less amount of flavonoid and tannin on both doses, letting free 
radicals still causing renal tubular cell death. Another possible factor was 
the short administration duration of P.indicus samples. 

CONCLUSION

Our study suggests that administered water-boiled P.indicus leaves at 
dose 115.2 mg/kg bw possesses potential nephroprotective effects on 
gentamicin-induced rat model in terms of decreased levels of sodium 
and increased potassium levels, showing similarity to control group and 
showed significant difference (p <0.05) with the induction group, but the 
observation of urine volume showed no significance for nephroprotec-
tive effect. 

Table 1: Grouping and treatment of test animals

Group
Number of 

Rats 
Treatment  (21 days)

I 6 aqua pro injection i.p.

II 6 gentamicin (GM) (80 mg/kg bw, i.p. for 7 days)

III 6 water-boiled P.indicus leaves (28.8 mg/kg bw, 
p.o.) + GM (80 mg/kg bw, i.p. for 7 days)

IV 6 water-boiled P.indicus leaves (57.6 mg/kg bw, 
p.o) + GM (80 mg/kg bw, i.p. for 7 days)

V 6 water-boiled P.indicus leaves (115.2mg/kg bw, 
p.o) + GM (80 mg/kg bw, i.p. for 7 days)

Abbreviatons: p.o=per oral; i.p=intra peritoneal
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tamicin; SD: Standard deviation; AKIN: Acute kidney injury network; 
AKI: Acute kidney injury; TGF: Transforming growth factor .
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