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Abstract
BACKGROUND: Nephrotic syndrome is a glomerular disease that is most often found in children with proteinuric as clinical 
manifestation. Gambier extract is a traditional medicine that has antioxidant effect. Its use to treat proteinuric has never 
been done. Therefore, we conducted an analytical study on the effect of Gambier on proteinuric and superoxide dismutase 
(SOD) activity in proteinuric Wistar rat’s model. This research is an experimental study with a post-test control group design.

AIM: The aim is analyzing the effect of giving Gambier extract in decreasing urinary proteincreatinine ratio and 
increasing SOD activity.

METHODS: Male Wistar rats were given an injection of puromycin aminonucleoside 1.5 mg/100 g body weight (BW), 
subcutaneously for 5 consecutive days for being nephrosis. The experimental animals in this study were divided into 
four groups: K1, the control group, consists of group of rats that were injected with 0.15 ml/100 g BW of aquabidest 
and not given Gambier extract. While K2 group consists of rats induced by puromycin and given 1 ml of aquabidest, 
K3 consists of groups of rats induced by puromycin and then given Gambier extract 26 mg/200 g BW. Group K4 
consists of rats induced by puromycin and then given 80 mg/200 g BW of Gambier extract. The four groups were 
given treatment for 14 days, after which the rats were placed in a metabolic cage for 24 h to collect urine samples 
and then knocked down with ketamine for intracardiac blood collection.

RESULTS: The results of this study showed differences between the four groups of rats in terms of the mean urine 
protein/creatinine ratio (p = 0.015) and SOD activity (p = 0.036). Groups of rats that were given Gambier extracts 80 
mg/200 g BW had lower urine protein/creatinine ratio and higher SOD activity.

CONCLUSION: Therapy of Gambier 80 mg/200 g BW is better in managing proteinuric compared to 26 mg/200 g.
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Introduction

The mechanism of proteinuria occurred in 
idiopathic nephrotic syndrome (NS) is associated 
with immunological dysfunction. These resulted in the 
emergence of circulating factors that affect glomerular 
filtration passage permeability and damage podocyte. 
Oxidative stress which caused by imbalance of formation 
of free radical or reactive oxygen species (ROS) with 
antioxidants is also considered as one of the causes 
of the clinical disease manifestation, including the 
damage to the kidneys. Increased formation of ROS 
causes damage to cells due to lipids peroxidation that 
interferes the structure integrity of epithelial tubules 
cellular membrane, leading to increase of the glomerulus 
permeability, causing proteinuria [1]. Study by Duni et al. 
stated that the oxidative stress causes apoptosis of the 
podocytes and plays a role in the occurrence of fibrosis 
and glomerulosclerosis. Hence, antioxidants play a role 
in preventing the occurrence of proteinuric [2], [3].

Superoxide dismutase (SOD) is an antioxidant 
enzyme that is essential in defense against damage 

caused by free radicals [4]. This enzyme is an initial body 
defense against free radical derivative of oxygen. The 
main function of SOD is decomposition of superoxide 
into oxygen and hydrogen peroxide molecule in the cell. 
It consists of four classes, which are SOD Class  I that 
requires manganese or Fe ions for catalysis (MnSOD 
and FeSOD) while Class II is an enzyme that depends on 
copper and zinc (CuZn-SOD) [5]. Study by Retnaningsih 
et al. showed that oxidative stress (hyperglycemia) in rats 
can decrease the activity of SOD and that antioxidants, 
derived from phenolic compounds of Koro Benguk seeds, 
can increase the antioxidant activity of SOD and reduce 
blood glucose levels [6]. Study by Kamireddy et al. proved 
that decrease in levels of SOD have been demonstrated 
in NS patients with severe proteinuria.

Gambier is a traditional medicinal plant widely 
available in Indonesia. Its active ingredients are in the form 
of catechins (phenolic compounds that are widely used 
as antioxidants, anti- inflammatory, and antimicrobial and 
several other uses in the field of medicine) [7]. Catechins 
are also found in fruits, green tea, black tea, and other 
medicinal plant. Study by Hase showed that by giving tea 
which contains catechins, there is a decrease of albumin 
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excretion in diabetes-induced rats [8]. Other studies 
examine the effectiveness of catechins in Gambier 
extract, show that the Gambier dose of 26 mg/200 g BW 
is able to inhibit liver fibrosis by lowering the levels of MDA 
and increase the antioxidant GSH enzyme [9]. Yunarto 
proved the effect of catechins from Gambier extract with 
a dose of 80 mg/200 g BW provide antisclerotic effect on 
the aorta wall better than lower doses [10].

Thus, catechins are flavonoids with antioxidants 
effect and proved beneficial as antiproteinuria. Study on 
the effects of Gambier as antioxidant and antiproteinuria 
in NS patients had not been done although this is a 
new breakthrough in the field of pediatric nephrology. 
Hence, we did an analytical study about the effects of 
Gambier in decreasing protein and increasing SOD in 
Wistar rats’ model.

Methods

To determine the effect of Gambier extract 
(Uncaria gambir Roxb) in proteinuria and level SOD, 
animal studies have been carried out. This study is pure 
experimental with post-test with control group design. 
The design is chosen because subjects and treatments 
are controllable, scalable, and reliable. In this study, we 
want to prove the effect of Gambier extract in decreasing 
urinary protein-creatinine ratio and increasing the 
activity of SOD in male Wistar rats which was given 
subcutaneous injection of puromycin aminonucleoside 
1.5 mg/100 g BW for 5 consecutive days. Due to the 
proteinuric effect of gambir extract based on alkaloids 
(catechins), the Gambier extract selected in this study 
consisted of 81.37% catechins.

Approval by the Ethical Research Committee 
of Faculty of Mathematics and Science is granted 
(No.00310/KEPH-Science/2020). Study was conducted 
at the Laboratory of Pharmacology, Faculty of Medicine 
Universitas Sumatera Utara, which are standardized 
and laboratory examination was conducted at the 
Integrated Laboratory, Faculty of Medicine Universitas 
Sumatera Utara.

Male Wistar rats were induced into having 
proteinuria by injecting puromycin aminonucleoside 
1.5  mg/100  g BW subcutaneously for 5 consecutive 
days, resulting in nephrosis [11]. Inclusion criteria 
include male Wistar rat, 8 weeks old, weight between 
150 and 350  g, healthy and active. Exclusion criteria 
are unhealthy rats due to infectious or non-infectious 
disease during clinical evaluation in appropriate 
environment conditions. Aggressive rats (attacking 
other rats) and rats which died during observation are 
considered as dropped out.

Animals of this study will be divided into 
four groups. K1, control group, consists of rats given 

aquabidest 0.15  ml/100  g BW injection and later not 
given Gambier extract, but only given 1 ml aquabidest. 
K2 is group of puromycin-induced rats at a dose of 
1.5  mg/100  g BW subcutaneously for 5 consecutive 
days and then given aquabidest 1 ml. K3 is group of 
puromycin-induced rats at a dose of 1.5 mg/100 g BW 
subcutaneously for 5 consecutive days, then given 
26  mg/200  g BW Gambier extracts dissolved in 1  ml 
aquabidest. K4 is group of puromycin-induced rats at a 
dose of 1.5 mg/100 g BW, then given 80 mg/200 g BW 
Gambier extracts. All four groups were given treatment 
for 14 days, and on 14th days, the rats were placed in 
metabolic cage for 24 h to take urine samples and then 
knocked down by ketamine to get sample of intracardiac 
blood. Rats were placed separately in cages measuring 
30  cm × 40  cm × 15  cm. Each treatment group was 
placed separately. At the bottom of the cage, a sterilized 
wooden husk mat was placed (replaced every 3 days or 
when it was dirty). Room temperature was maintained 
at 22–24°C, with 12 light-dark cycle (the lights were 
switched on at 7 am and back off at 7 pm). Food given 
was CP552 (PT. Charoen Pokphand). Food was given 
ad libitum with an estimated 15–20% of body weight 
(BW), which is as much as 50 g per cage per day (Smith 
and Mangkoewidjojo, 1988). Water given was distilled 
water which was given ad libitum.

Male Wistar rats with appropriate age and BW 
were selected based on the inclusion and exclusion 
criteria. Induction into NS was done by giving puromycin 
aminonucleoside 1.5  mg/100 gr BW (Puromycin® 
InvivoGen) subcutaneously for 5 consecutive days. 
Inoculation was done by positioning the tip of the needle 
pointing cranially, then the needle was inserted on the 
back of the rats by pinching the skin, and injection was 
done subcutaneously.

Gambier extract used was made by Sarie 
Uncariae (Toyo Brothers, PT) standardized procedure. 
Gambier extract was administered in two groups (K3 and 
K4). K3 group was given a dose of 26  mg/200  g BW 
dissolved in 1 ml aquabidest and was given orally through 
orogastric tube for 14 days. K4 was given 80 mg/200 g 
BW Gambier extract dissolved in 1 ml aquabidest and 
was given orally through orogastric tube for 14 days.

After 14  days, urine and blood samples were 
taken. Urinary sample was taken by putting the rat in the 
metabolic cage for 24 h to get the 24 h urine. While on the 
metabolic cage, rats were still given food and water as usual. 
Blood sample was taken by intracardiac, after the rats were 
knocked down by ketamine injection intraperitoneally.

Proteinuria examination was carried out with 
Total Protein Colorimetric Assay Kit (Coomassie Brilliant 
Blue Method), Elabscience®. Fifty uL sample was mixed 
with a chromogenic agent. The examination procedure is 
by mixing all reagents and samples and then incubating 
the tube at room temperature for 10 min. Then, the OD 
value was measured using a spectrophotometer based 
on the absorbance of 595 nm. Proteinuria concentration 
results are expressed in mg/ml.
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Total SOD (T-SOD) activity was measured 
by T-SOD activity assay kit (hydroxylamine method), 
Elabscience®. Superoxide anion free radicals are 
generated by the xanthine oxidase reaction system. If 
sample contained SOD, it can inhibit superoxide anion 
free radical. The inhibitory effect of SOD can reduce the 
formation of nitrite, resulting in the absorbance value of 
the sample tube become lower than the control tube. 
Add sample to reagent, stir with vortex mixer, incubate 
for 40 min at 37°C. Then, add the chromogenic agent, 
stir, and leave it for 10 min in room temperature before 
measure the value of OD of each tube at 550 nm. The 
results are calculated and expressed in U/ml.

Serum and urine creatinine examination was 
carried out with Creatinine (Cr) Colorimetric Assay 
Kit (Sarcosine Oxidase Method, Elabscience®). The 
examination was done by mixing 6 µL of serum or urine 
samples into 180 µL of reagent 1 (enzyme solution A), 
then the samples were incubated for 5 min at temperature 
37°C. Then, added 60 mL reagent 2 (enzyme solution B), 
incubated for 2 min at a temperature of 37°C, then do 
examination on the long wave 515 nm. Incubate at a 
temperature of 37°C for 3 min and measure the value of 
OD (A2) at 515 nm. The sample concentration can be 
calculated by a formula based on the sample OD value 
and the result is expressed in µmol/L.

Urea (BUN) Colorimetric Assay Kit (Method 
Urease), Elabscience®, was used to determine serum 
urea. Urea can be broken down into ammonia and 
carbon dioxide ions by urease. Ammonia ions can react 
with phenolic chromogenic substances and form a blue 
substance in an alkaline medium and the production 
of a blue substance is proportional to the urea content 
which can be calculated by a colorimetric test at 580 nm. 
A 0.02 ml sample was added to the EP tube, reagents 
were added and incubated before measuring the OD 
value of each tube with a 1 cm optical path cuvette at 
580 nm. The results obtained are then calculated and 
expressed in mmol/L.

The data obtained from the research results 
were analyzed, processed, and tabulated. The 
data are presented in the form of mean ± standard 
deviation because it is distributed normally (confirmed 
by Shapiro–Wilk test). Tests comparing the levels of 
protein and SOD between the two groups of treatment 
were done using independent t-test. ANOVA was done 
to compare the four groups simultaneously.

Results

From the observations of the four groups of 
rats, there was no significant difference of the body 
weight and abdominal circumference on day 0 and 14 
(p > 0.05). The mean results of the 24 h urine volume 
in day 14 were also not significantly different (Table 1).

Table 1: Demographic data of individual groups
Variable K1 K2 K3 K4
Body weight D‑0 
Mean (SD)

228.4 (27.98) 231.8 (17.77) 224.3 (26.93) 242 (16.35)

Body weight D‑14 
Mean (SD)

224.8 (28.31) 235.6 (27.98) 212.8 (35.47) 232.8 (8.96)

Abdominal 
circumference D‑0 
Mean (SD)

13.8 (0.55) 13.9 (0.38) 13.6 (0.61) 13.8 (0.42)

Abdominal 
circumference D‑14 
Mean (SD)

13.7 (0.44) 14.1 (0.26) 13.6 (0.75) 14.2 (0.27)

Urine volume 
Mean (SD)

9.33 (1.42) 18.41 (1.51) 9.90 (7.21) 13.33 (7.23)

*ANOVA test

On day 14, the rats were knocked down by 
ketamine intraperitoneal injection. Urine and serum 
examination was performed. Table 2 shows that there 
is no different among all four groups of rats in terms of 
serum protein, urea, and urine protein (p > 0.05), but 
there is different in the mean urine protein/creatinine 
ratio (p = 0.015). 
Table 2: Serum protein and urea, urinary protein and creatinine, 
and urine protein‑creatinine ratio data
Variable K1 K2 K3 K4
Serum protein (mg/mL) Mean (SD) 9.78 (0.54) 9.65 (0.56) 9.59 (0.58) 9.36 (0.63)
Serum urea (mmol/L) Mean (SD) 6.72 (1.46) 6.73 (2.52) 6.26 (0.93) 4.64 (0.73)
Proteinuria (mg/mL) Mean (SD) 0.36 (0.27) 0.33 (0.37) 0.77 (0.22) 0.36 (0.20)
Urine creatinine (Umol/L) Mean (SD) 3.05 (4.37) 1.07 (0.51) 7.81 (2.91) 2.39 (1.12)
Urine protein‑creatinine ratio** 0.12 (0.01) 0.33 (0.15) 0.10 (0.02) 0.15 (0.02)
**ANOVA test

The difference in mean protein/creatinine in 
each group is shown in Figure 1. Figure 1 shows that 
Gambier 80 mg/200 g BW has a better role for nephrosis 
compared to Gambier 26 mg/200 g BW. From Table 3, it 
can be concluded that there is a difference of the mean 
between the four groups (p = 0.036). This different is 
shown in Figure 2.

Table 3: SOD activity
Group n SOD activity (Unit/ml) One‑way ANOVA test

Mean SD
K1 5 76.06 7.6 F = 3.855

p = 0.036K2 5 56.68 10.79
K3 4 66.28 16.67
K4 5 79.62 10.25

Discussion

In this study, catechin contained in Gambier 
extract was given to determine its ability to counteract ROS 
caused by puromycin injection. In Group K4, SOD activity 
was increased significantly compared to K2. This proved 
the effect of prevention against ROS system. Decrease in 
SOD activity of K2 group compared with K1, K3, and K4, 
indicates that the SOD enzyme is needed to form H2O and 
O2. This function of SOD suggests its role in the removal 
of deleterious ROS from cellular environment [12]. Among 
many antioxidants, SOD is the one of antioxidants that 
work very fast in neutralizing various molecules that have 
the potential to become free radicals [4].

As shown previously, SOD is a strong 
antioxidant in the cell that inhibits ROS system. Study 
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Figure  1: Mean urinary protein-creatinine ratio. K1 (Brown): Inj. 
Aq + P.O Aq (CTRL AQ), K2 (Green stripes): Inj.Puro + P.O Aqua 
(K(-)), K3 (Dark gray): Inj.Puro + P.O Gambir 26 mg/200 g BW 
(P626), K4 (Yellow-gray dots): Inj. Puro + P.O Gambir 80 mg/200 
g BW (P680), *Mean urinary protein-creatinine ratio (AVRasio/Pcr) 
different between Group K2 with K4: p = 0.05
by Meng et al. found that the rats who suffered from 
kidney injury will experience a significant decrease 
of SOD activity in kidney medulla, evidenced by an 
increased excretion of urine protein [13]. There is not 
much different with this study which is probably made 
possible by puromycin (causing kidney injury in the 
form of proteinuric) and Gambier extract which can 
repair the kidney injury of rats with proteinuric. If the 
level SOD decline, the free radical formation increases 
so that adequate SOD supplementation is needed to 
protect the immune system and inhibit the development 
of disease [4].
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Figure 2: Mean differences of SOD between groups. K1 (Brown): Inj. 
Aq + P.O Aq (CTRL AQ), K2 (Green stripes): Inj. Puro + P.O Aqua 
(K(-)), K3 (Dark gray): Inj. Puro + P.O Gambir 26 mg/200 g BW (P626), 
K4 (Yellow-gray dots): Inj. Puro + P.O Gambir 80  mg/200  g BW 
(P680), *Different of mean (AV SOD) between K1 and K2: p = 0.016. 
#Different of mean (AV SOD) between K2 and K4: p = 0.014

Study by Tan concluded that SOD activity is 
decreased in rats with chronic kidney disease due 
to NS. Decreased of SOD activity demonstrated 
the role of SOD in inhibiting free radical in kidney 
because of proteinuria. Inhibition of free radical is 
very useful in the development of proteinuric renal 
disease and has become the basis of novel therapy 
for lowering proteinuric due to NS. Gambier extract 
acts as an inhibitor of free radical with catechin 
as the active substance, which will increase the 
SOD enzyme activity and reduce proteinuria [14]. 
Giving Gambier extract has also been shown to 
be able to protect the cell defense system again 
O2

- attack.

Conclusion

Gambier extract (U. gambir Roxb.) contributes 
in decreasing the urine protein-creatinine ratio in 
proteinuric model Wistar rats. Gambier extract 
(U. gambir Roxb.) has a role in increasing SOD activity 
in proteinuric model Wistar rats. The dose of Gambier 
extract that has better benefit in increasing SOD activity 
is 80 mg/200 g BW.
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