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Abstract 

Objective: The present study aimed to evaluate the nephroprotective and antioxidant potential of aqueous extract of 

Simarouba glauca leaves in alloxan-induced diabetic rats through in vivo, in vitro, and biochemical assays. 

Methods: Mature leaves of Simarouba glauca were collected, shade-dried, and powdered. Aqueous extract was prepared by 

boiling 10 g of the powder in 200 mL of water for 2 hours, followed by filtration and evaporation. In-vitro studies of Cellular 

assay such as MTT and malondialdehyde (MDA) were performed to evaluate cytotoxicity and lipid peroxidation. In addition, 

the antioxidant potential of the extract was assessed by Ferric Reducing Antioxidant Power, Phosphomolybdenum, DPPH 

radical scavenging, total antioxidant capacity, and nitric oxide assays to determine the IC₅₀ values of S. glauca. For in vivo 

studies, diabetes was induced in Wistar rats by intraperitoneal injection of alloxan monohydrate (150 mg/kg body weight). The 

animals were divided into five groups: Group I (normal control), Group II (diabetic control), Group III (standard drug 

Ramipril, 10 mg/kg), Group IV (diabetic rats treated with S. glauca extract, 250 mg/kg), and Group V (diabetic rats treated 

with S. glauca extract, 500 mg/kg). Fasting blood glucose was measured 72 hours post-induction. Urine and blood samples 

were collected weekly for four weeks to estimate urine creatinine, urine urea, urine albumin, serum creatinine, serum urea, and 

blood urea nitrogen (BUN). Serum calcium levels were analyzed at the end of the study, followed by histopathological 

examination of kidney tissues. 

Results: Treatment with Simarouba glauca extract significantly reduced fasting blood glucose, improved renal function 

parameters, and preserved kidney histoarchitecture in diabetic rats. Antioxidant assays demonstrated strong radical scavenging 

and reducing activity. In vitro results confirmed the cytoprotective and antioxidant potential of the extract. 

Conclusion: The aqueous extract of Simarouba glauca exhibits significant nephroprotective and antioxidant properties, 

supporting its potential as a therapeutic agent in the management of diabetic nephropathy and oxidative stress-related 

complications. 
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Introduction 

Simarouba glauca, commonly known as ‘Lakmitaru’ or 

‘Paradise tree’ belongs to Simaroubaceae. It is indigenous to 

Southern Florida, West Indies and Brazil [1], is considered 

exotic in India, Sri Lanka, Philippines and Myanmar [2]. It 

was first introduced by National Bureau of Plant Genetic 

Resources in the research station at Amravati in 

Maharashtra in 1966 [3, 4, 5] and later to the University of 

Agricultural Sciences, Bangalore in 1986.  

Paniyas Tribes of Wayanad district, Kerala used the leaf 

decoction to treat cancer [6] some communities of Shimoha, 

Karnataka and for diabetes [7]. In Cuban folk medicine, the 

leaves are used for helmintic infection, dysentery and to 

exert hypotensive action [8]. Phytochemical survey reported 

the presence of alkaloid, flavonoid, terpenoid, 

anthraquinone, steroids, phenol, saponin, tannin, 

carbohydrate [9]. It is every effective in treating cancer and 

has predominant anti-cancerous property. Not only it is anti-

cancerous but also antidiabetic [10], nephroprotective [11], 

antibacterial [12], antifungal [13], antioxidant [14], anticancer 

[15], anti-proliferation and pro-apoptotic avtivity [16], anti-

inflammation [17], antimicrobial [18], antimalarial [19], 

antiamoebic [20], antiulcer [21], hepatoprotective [22], reducing 

patchy skin saturation [23], haemolytic [24], acaricidal [25], 

hypertensive [26], antidysenteric [27], analgesic [28] , anti-

leukemic activitiy [29, 30]. It is crucial and timely to 

investigate the nephroprotective effect of Simarouba glauca, 

which has not been studied so far. Therefore, the present 

study aims to explore the nephroprotective potential of 

Simarouba glauca in the management of diabetic 

nephropathy. 

 

Material and methods 

Collection and authentication 

Leaves ware collected from the village of Nazereth, 

Thoothukudi, Tamil Nadu in the month of February 2025. 

The leaves were identified and authenticated by Dr. S. 

Mutheeswaran, Scientist, Xavier Research Foundation, St. 

Xavier’s College, Palayamkottai, Tamil Nadu. The 

herbarium of this specimen was kept in the department for 

further reference. 

 

Preparation of Aqueous extract 

The fresh matured leaves of Simarouba glauca were 

collected, thoroughly washed with water and shade-dried. 

The dried leaves were pulverized into a fine powder. About 

10 g of the powdered material was boiled in 200 ml of water 
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for 2 hours. The extract was filtered and evaporated to 

dryness. As per the requirement, respective 

batches were prepared. 

 

Effect of Simarouba glauca against Alloxan induced 

diabetes in rat 

Experimental Animal  

Male albino Wistar rats weighing between 120-225 g was 

acclimatized in separate cages for a week. Rats were housed 

at a temperature of 24 ± 1 °C and humidity of 65-70%, and 

were subjected to a 12 h light/dark cycle. All experimental 

procedures involving animals were conducted in accordance 

with Institutional guidelines and were approved by the 

Institutional Animal Ethics Committee (IAEC) of Madurai 

medical college, Madurai-20. Approval no: 14/2025 dated 

05/06/2025.  

 

Experimental design 

Experimental rats were divided into five groups (n=6/ 

group). Diabetes was induced in overnight- fasted rats by a 

single I.P injection of freshly-prepared alloxan monohydrate 

(150 mg/kg/b. w), dissolved in a cold physiological saline 

(0.9% NaCl). Alloxan is a toxic glucose analogue that 

preferentially accumulate in pancreatic beta cells via the 

GLUT2 glucose transporter and is used for the experimental 

induction of diabetes mellitus in animals [31-33].  

The rats were divided into 5 groups of 6 animals in each 

group; 

 
Group Treatment Dose Duration 

Group Ⅰ 

(Normal 

Control) 

Saline Normal saline 4 weeks 

Group Ⅱ 

(Disease 

control) 

Alloxan monohydrate 

injected 
150 mg/kg/ b. w 4 weeks 

Group Ⅲ 

(Standard) 
Ramipril 10 mg/kg, oral 4 weeks 

Group Ⅳ 

(Test 1) 

Simarouba glauca low 

dose 
250 mg/kg 4 weeks 

Group Ⅴ 

(Test 2) 

Simarouba glauca 

high dose 
500 mg/kg 4 weeks 

 

After 72 h of alloxan injection, blood glucose levels were 

measured for confirming the onset of diabetes via tail vein 

at 0.2-0.3 ml of blood. Animals with blood glucose 

concentration equal or more than 200 mg/dL were 

considered diabetic rats. 

 

Evaluation parameters 

Metabolic parameters and tissue collection 

▪ During the experimental period all the rats were 

provided with free access to rat chow and water. Rats 

were carefully monitored in order to assess variations in 

water and food intake, body weight, urine output and 

general behaviour monitored weekly Up to 4 weeks 

(7,14,21,28 days). 

▪ Urinary creatinine, urea and albumin levels were 

determined Up to 4 weeks in urine sample using 

commercial kits in a semi-auto analyser [34]. 

▪ Serum creatinine, urea, BUN and were determined up 

to 4 weeks using 1.0 ml of blood collected via 

retrobulbar vein by enzymatic commercial kits using a 

semi- automated photometer [34]. 

▪ At the end of experimental period on 30th day 

(following overnight fasting after the 4-week treatment 

period), rats were euthanized using Ketamine (75 

mg/kg, i.p) and Xylazine (10 mg/kg, i.p). blood was 

collected by cardiac puncture at 1.5-2mL, serum was 

separated for serum Calcium level analysis [35] and the 

kidneys were excised for histopathological 

examinations.  

 

Renal Histology 

Tissue processing begins by collecting the organ or tissue 

sample and fixing it in 10% formalin for 24 hours at room 

temperature to preserve its structure. After fixation, the 

tissue is rinsed under running tap water for 3 hours, then 

sequentially dehydrated using increasing concentrations of 

ethanol-50% for 1 hour, 70% overnight (which also serves 

as a storage medium), followed by 80%, 90%, and three 

rounds of 100% ethanol, each for 1 hour-to remove water. 

Clearing is then performed by immersing the tissue in 

xylene through three changes of 1 hour each, which replaces 

the ethanol and prepares the tissue for infiltration. 

Paraffinization follows, where the tissue is placed in melted 

paraffin wax at 58-60°C for three rounds of 1 hour each to 

allow wax infiltration. Finally, the tissue is embedded in 

fresh melted wax using a paper mould, left undisturbed 

overnight to solidify, and the resulting wax-embedded 

sample is called a block, ready for sectioning and 

microscopic analysis. 

 

Sectioning 

Cut thin slices (about 5 μm thick) from the wax block using 

a microtome. Warm a water bath to 45-50°C and float the 

sections in it to flatten them. Then, carefully transfer the 

sections onto clean microscope slides for further analysis. 

 

Glass slides preparation 

Separate fresh chicken egg whites from the yolks and 

discard the yolks. Beat the egg whites until smooth but still 

liquid. Spread the albumen on a slide and briefly pass it 

through a flame until it smokes-avoid overheating. Let the 

slide cool, then place the tissue section from the water bath 

onto it and bake as usual. Finally, let the slides dry for at 

least 24 hours. 

 

Slide Processing 

(Note: Tissue processing protocol has to be reversed for 

staining) 

Start by placing the slide in xylene twice for 5 minutes each 

to remove paraffin (deparaffinization). Then, gradually 

rehydrate the tissue by transferring the slide through 

decreasing concentrations of ethanol: two rounds of 100% 

ethanol for 3 minutes each, followed by 95%, 70%, and 

50% ethanol, each for 3 minutes. Finally, rinse the slide 

with distilled water to complete the process. 

 

Staining 

Stain the slide by placing it in haematoxylin for 5 minutes, 

then rinse under running tap water for another 5 minutes. 

Clean the slide with 70%, 80%, and 90% alcohol for 1 

minute each. Dip the slide in eosin for 10 seconds, then 

transfer it to 90% ethanol for 2 minutes, followed by 100% 

ethanol for 2 minutes, and finally xylene for 2 minutes. Add 

DPX mount and cover with a cover slip. The slide is now 

ready for microscopic examination [36]. 
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Statistical analysis 

The data were expressed as mean ± standard deviation (SD). 

The Significance of differences among the group was 

assessed using one way analysis of variance (ANOVA) 

followed by Tukey’s test P values less than 0.05 were 

considered as significance. 
 

In-vitro Diabetic nephropathy activity using NRK-53E 

cell line  

Cell culture 

▪ Normal Rat Kidney Cells (NRK-52E) were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplemented with 10 % Fetal bovine serum (FBS), 1% 
L-glutamine and 1% Penicillin/Streptomycin. 

▪ The cells were maintained at 37ºC in a humidified 
incubator with 5 % CO2 [37]. 

 

MTT Assay 

The assay was carried out according to Mosmann (1983) [38] 
by using (3-(4,5-dimethyl thiazol-2yl)-2,5-diphenyl 
tetrazolium bromide (MTT). MTT is cleaved by 
mitochontrial succinate dehydrogenase and reductase of 
viable cells, yielding a measurable purple product formazan. 
This formazan production is directly proportional to the 
viable cell number and inversely proportional to the degree 
of cytotoxicity. Briefly, Trypsinised 10,000 cells were 
seeded in 96-well plate and incubated at 37ºC for 48 hrs. 
After 48 h incubation, the NRK 52E cells were treated with 
Simarouba glauca aqueous extract in different 
concentrations for 24, 48 and 72 hours. After treatment, the 
media were removed and wells were added with MTT (5 
mg/ml prepared in phosphate-buffered saline) and left for 4 
hours at room temperature. Thus, the formazan crystals 
formed were dissolved in 100 µl DMSO and absorbance 
was read in a microplate reader at 570 nm. The Simarouba 
glauca extract 1 mg was mixed with sterile complete media 
and further diluted to produce the desired concentrations (10 
µG, 50 µG, 100 µG) [38]. 
 

MDA Assay  

NRK-52E cells were treated in triplicate with test extract of 

S. glauca at 100 µg/mL and incubated for 12 h. Cell culture 

supernatants were collected and centrifuged at 9000 × g for 

10 min at 4 °C to remove debris. To 200 µL supernatant, 

200 µL BHT solution was added and vortexed. Proteins 

were precipitated by adding 1.0 mL 10% (w/v) TCA, 

vortexed and centrifuged at 9000 × g for 10 min at 4 °C. 200 

µL of the clarified supernatant was mixed with 600 µL TBA 

reagent (0.67% w/v TBA in 50 mM NaOH), heated in a 

boiling water bath at 95-100 °C for 20 min, cooled on ice 

for 5 min, centrifuged at 9000 × g for 10 min and the 

absorbance of the clear supernatant was measured at 532 

nm. MDA standard curve (0-10 µM prepared from TEP) 

was run in parallel; results were expressed as nmol 

MDA/mg protein following normalization to cellular protein 
[39-41]. 
 

In-vitro antioxidant activity 

In vitro antioxidant potentials of successive extracts of leaf 

of Simarouba glauca (L.) were determined by various 

systems. 
 

Determination of DPPH free radical scavenging assay  

Various concentrations of the AESGL (20-100 μg/ml) were 

dissolved in water. To 1 ml of each extract solution, 3 ml of 

0.1 mM DPPH solution (in methanol) was added and mixed 

well. For the control, 1 ml of methanol was used in place of 

the plant extract. The reaction mixtures were incubated in 

the dark at room temperature for 30 minutes. After 

incubation, the absorbance was measured at 517 nm using a 

UV-Visible spectrophotometer [42]. 

 

Determination of Hydrogen peroxide scavenging assay  

To 1 ml of test solution of AESGL of different 

concentrations, 3.8 ml of 0.1 M Phosphate buffer solution 

(pH 7.4) and then 0.2 ml of hydrogen peroxide solution 

were added. The absorbance of the reaction mixture was 

measured at 230 nm after 10 min [43]. the reaction mixture 

without sample was used as blank. Ascorbic acid was used 

as standard.  

 

Determination of nitric oxide scavenging assay  

A 10 mM solution of sodium nitroprusside was prepared in 

Phosphate buffered saline (pH 7.4) and various 

concentrations of the AESGL were added to this solution. 

The resulting mixture were incubated at 37ºC for 60 

minutes under light to allow the generation of nitric oxide 

radicals. After incubation, half of each reaction mixture was 

taken and mixed with equal volume of freshly prepared 

Griess reagent reacts with nitrite, a stable end product of 

nitric oxide, to form a pink azo dye. The reaction mixture 

was then incubated at 25ºC for 30 minutes in the dark to 

ensure complete color development. Following this, the 

absorbance of the resulting pink-colored solutions wad 

measured at 546 nm using a UV-Visible spectrophotometer 

against a suitable blank [44]. A decrease in absorbance 

compared to the control indicates the nitric oxide 

scavenging potential of the leaf extract. 

 

Determination of ferric reducing antioxidant power 

(FRAP) activity 

Different concentrations of the MESGL (10-50 µg/ml) were 

mixed with 2.5 ml of 0.2 M Phosphate buffer (pH 6.6) and 

2.5 ml of 1 % Potassium ferricyanide. The mixture was 

vortexed and incubated at 50ºC for 20 minutes. After 

incubation, 2.5 ml of 10% Trichloroacetic acid was added 

and centrifuged at 3000 rpm for 10 min. then, 2.5 ml of the 

resulting supernatant was mixed with 2.5 ml deionized 

water and 0.5 ml of 0.1% ferric chloride. The absorbance of 

the colored solution was measured at 700 nm against a 

blank using UV spectrophotometer [45]. Ascorbic acid was 

used as standard.  
 

Determination of total antioxidant capacity content 

AESGL in different concentration ranging from 100 µl to 

500 µl were added to each test tube individually containing 

3 ml of distilled water and 1 ml of molybdate reagent 

solution. These tubes were kept at 95ºC for 90 min. after 

incubation, these tubes were normalized to room 

temperature for 20-30 min and the absorbance of the 

reaction mixture was measured at 695 nm [46]. Mean values 

from three independent samples were calculated for each 

extract. Ascorbic acid was used as positive reference 

standard. 

All the antioxidant activities were evaluated and the 

percentage inhibition was calculated using the formula: 

% Inhibition= [(Control- Test)/Control] x 100 

The concentration of the sample required for 50 % reduction 

in absorbance (IC50) was calculated using linear regression 

analysis. 
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Result and discussion 

Effect of Simarouba glauca against Alloxan induced diabetes in rat 

General behaviours 

 
Table 1: Estimation of General behaviours of 4- week treatment of Simarouba glauca against Alloxan induced diabetic rat 

 

S. No Parameters 
Mean ± SD (4th week) 

Normal control Disease control standard Test 1 Test 2 

1 Body weight (g) 154.16 ±9.75 138.5 ±15.63 154.16 ±40.56 169.16 ± 10.17 169.16 ± 12.72 

2 Food intake (g) 161.22±1.36 161.73 ±1.34 162.39 ±1.59 161.98 ± 1.14 162.10 ± 0.87 

3 Water intake (ml) 17.25 ±4.95 50.08 ±4.44 114.02± 2.20 166.27 ± 6.35†††† 134.50 ±7.95****†††† 

4 Urine output (ml) 8.42 ± 2.51 16.58 ±4.31 8.61 ± 2.53 13.79 ±3.68 9.37 ± 1.81 

 

 All parameters are calculated in One-way ANOVA 

followed by Tukey’s test [Graph pas prism 10.6.0 (890)] 
*P<0.05-significant with normal; **P<0.001-moderate 

significant with normal; 
***P<0.0008-highly significant with normal; ****P<0.0001- 

very highly significant with normal 
†P<0.05-significant with ramipril; ††P<0.001-moderate 

significant with ramipril; 
†††P<0.0008-highly significant with ramipril; ††††P<0.0001-

very highly significant with Ramipril. 

 

  
 

Fig 1a: body weight  Fig 1b: water intake

 

  
 

Fig 1c: Food intake  Fig 1d: Urine output 

  

Urine output 

In general behavioural parameters such as body weight, 

food intake and urine output did not show any significant 

difference when compared with the normal and Ramipril-

treated groups. However, water intake was markedly 

elevated, treated with low and high doses of Simarouba 

glauca respectively, when compared with the Ramipril-

treated group. Moreover, the water intake of the high-dose 

treated group (Group 5) also showed a highly significant 

elevation when compared with the normal control group. 
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Urinary profile 

 
Table 2: Estimation of Urinary profile of 4- week treatment of Simarouba glauca against Alloxan induced diabetic rat 

 

S. No Parameters 
Mean ± SD (4th week) 

Normal control Disease control standard Test 1 Test 2 

1 Urine creatinine (mg/dL) 9.56 ±0.68 24.96 ±0.97 4.51 ± 1.68 6.84 ± 0.62**†† 7.46 ± 0.60*††† 

2 Urine Urea (mg/dL) 35.03 ± 0.30 66.88 ± 0.38 54.08 ± 0.31 50.66 ± 0.29****†††† 45.03 ± 0.51****†††† 

3 Urine Albumin (mg/dL) 2.96 ± 0.20 28.76 ± 0.45 15.9 ± 0.27 17.43 ± 0.30****†††† 15.75 ± 0.33**** 

 

All parameters are calculated in One-way ANOVA followed 

by Tukey’s test [Graph pas prism 10.6.0 (890)] 
*P<0.05-significant with normal; **P<0.001-moderate 

significant with normal; 
***P<0.0008-highly significant with normal; ****P<0.0001- 

very highly significant with normal 
†P<0.05-significant with ramipril; ††P<0.001-moderate 

significant with ramipril; 
†††P<0.0008-highly significant with ramipril; ††††P<0.0001-

very highly significant with Ramipril. 

 

  
Fig 2a: Urine creatinine      figure 2b: Urine urea  

  
 

 
 

Fig 2c: Albumin 
 

In the urinary profile, creatinine levels showed a moderate 

decrease in the low-dose Simarouba glauca-treated group 

when compared with the normal and Ramipril-treated 

groups. The high-dose group exhibited a significant 

decrease in creatinine compared with the normal control and 

a highly significant decrease when compared with the 

Ramipril-treated group. Urea levels were markedly 

decreased and found to be very highly significant in both 

low- and high-dose treated groups when compared with 

both the normal and Ramipril-treated groups. Albumin 

levels showed a very highly significant decrease in the low-

dose group compared with both the normal and Ramipril-

treated groups, whereas in the high-dose group the decrease 

in albumin levels was very highly significant only when 

compared with the disease control group. 

 

Serum parameters 
 

Table 3: Estimation of Serum parameters of 4- week treatment of Simarouba glauca against Alloxan induced diabetic rat 
 

S. No Parameters 
Mean ± SD (4th week) 

Normal control Disease control standard Test 1 Test 2 

1 Serum Creatinine (mg/dL) 0.45 ± 0.04 1.89 ± 0.01 0.43 ± 0.009 0.60 ± 0.006****†††† 0.48± 0.009† 

2 Serum Urea (mg/dL) 33.1 ± 0.23 78.95 ± 0.17 42.73 ± 0.19 46.08 ± 0.15****†††† 41.75± 0.19****†††† 

3 BUN (mg/dL) 15.45 ± 0.09 36.86 ± 0.14 19.91 ± 0.13 21.45 ± 0.17****†††† 19.51 ± 0.21****†† 

4 Serum Calcium (mg/dL) 6.9 ± 0.19 5.5 ± 0.18 6.4 ± 0.13 5.8 ± 0.18****†††† 6.1 ± 0.14****† 

All parameters are calculated in One-way ANOVA followed by Tukey’s test [Graph pas prism 10.6.0 (890)] 
*P<0.05-significant with normal; **P<0.001-moderate significant with normal; 
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***P<0.0008-highly significant with normal; ****P<0.0001-very highly significant with normal 
†P<0.05-significant with ramipril; ††P<0.001-moderate significant with ramipril; 
†††P<0.0008-highly significant with ramipril; ††††P<0.0001-very highly significant with Ramipril. 

 

  

Fig 3a: Serum creatinine  Fig 3b: Serum urea 

 

  

Fig 3c: BUN  Fig 3d: Serum calcium 
 

Fig 3: Estimation of Serum parameters of 4- week treatment of Simarouba glauca against Alloxan induced diabetic rat  

 

In the serum profile, all measured parameters exhibited very 

highly significant decreases in the low-dose Simarouba 

glauca-treated group when compared with both the normal 

control and Ramipril-treated groups. In the high-dose group, 

serum creatinine showed a significant decrease compared 

with the Ramipril-treated group, whereas serum urea, BUN 

and calcium levels showed very highly significant decreases 

when compared with the normal control. Furthermore, when 

compared with the Ramipril-treated group, serum urea 

remained very highly significant, BUN showed moderate 

significance and calcium levels were significantly 

decreased. 

The study showed that Ramipril provided strong 

nephroprotection significantly decreasing elevated renal 

parameters. The high dose of Simarouba glauca extract (500 

mg/kg) offered partial nephroprotection also decreasing 

serum creatinine, urea, BUN and calcium more effectively 

than the low dose. 

Renal Histology 

 

  
Fig 4a  Fig 4b 

 

  
Fig 4c  Fig 4d 
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Fig 4e 

 

a- Normal control; b- Disease control; c- Standard; d- 

Simarouba glauca (500mg/kg); 

e- Simarouba glauca (250mg/kg) 

Renal histopathological analysis across all experimental 

groups revealed distinct structural changes. The Normal 

Control (NG) group exhibited intact renal architecture with 

well-defined glomeruli and tubules, showing no 

pathological alterations. In contrast, the Diabetic Control 

(DM) group displayed severe damage, including glomerular 

basement membrane thickening, interstitial fibrosis, hyaline 

degeneration, epithelial vacuolar degeneration, hyaline cast 

formation, depicted the arteriolopathy-hallmarks of diabetic 

nephropathy. Treatment with Ramipril in the Diabetic 

control group led to partial amelioration of renal injury, with 

slight clumpy formations in glomeruli and tubules, 

indicating a modest protective effect. Similarly, Simarouba  

glauca High Dose treated group showed histological 

features comparable to the Ramipril-treated group, 

suggesting that high-dose of Simarouba glauca may exert 

equivalent nephroprotective effect. The Simarouba glauca 

Low Dose treated group demonstrated mild improvement, 

with partial preservation of glomerular and tubular 

structures, slight epithelial vacuolar degeneration, and 

minimal hyaline changes, reflecting a limited but noticeable 

protective response that was less pronounced than the high-

dose or Ramipril treatments. 

 

In-vitro Diabetic nephropathy activity using NRK-53E 

cell line  

MTT assay 
 

Table 4: Percentage Cell viability of Simarouba glauca using 

NRK-53E cell line 
 

Percentage Cell Viability Of Simarouba Glauca 

Groups 24 hrs 48 hrs 72 hrs 

Control 100 100 100 

Osmotic Control 73.5 29.7 20.8 

High Glucose 170.4 211.7 242.1 

10 µG (S. glauca) 95.8 143.1 159.8 

50 µG (S. glauca) 83.9 125.2 115.6 

100 µG (S. glauca) 93.8 91.3 78 

 

 
 

Fig 5: Percentage Cell viability of Simarouba glauca using NRK-53E cell line 

 

OC-24 hrs OC-48 hrs OC-72 hrs 

HG-24 hrs HG- 48 hrs 
 

HG- 72 hrs 
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10 µG- 24 hrs 10 µG- 48 hrs 10 µG- 72 hrs  

50 µG- 24 hrs  50 µG- 48 hrs 50 µG- 72 hrs  

100 µG- 24 hrs 100 µG- 48 hrs  100 µG- 72 hrs 
 

Fig 6: Percentage Cell viability of Simarouba glauca compared with control 

 

The Cytotoxicity Study on Normal Rat Kidney cells (NRK-

52E) showed that Simarouba glauca aqueous extract was 

safe at lower concentration, where 10 µg maintained and 

even improved cell viability under Hyperglycaemic stress, 

suggesting a protective effect. The 50µg dose showed 

moderate activity with partial decline at longer exposure, 

while 100 µg dose reduced cell survival indicating 

Cytotoxicity at higher concentration. Overall, the findings 

suggest that Simarouba glauca possesses dose-dependent 

effects with lower concentration supporting Kidney cell 

protection in Diabetic nephropathy, whereas higher 

concentrations may be harmful. 

 

MDA assay 

 

 
 

Fig 7: MDA assay 96-well plate 
 

Labels: A1-A3-10 µM/mL; B1-B3-8 µM/mL; C1-C3-6 µM/mL; D-D3-4 µM/mL; E1-E3-2 µM/mL; F1-F3- 1µM/mL; G1-G3-

0 µM/mL; A5-A7-High glucose; B5-B7-Normal glucose; C5-C7-Normal glucose+ 100 µg S. glauca extract. 
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Figure 8: MDA Quantification by TBARS method of standard and S. glauca extract 

 
Table 5: MDA Quantification by TBARS method of standard and 

S. glauca extract 
 

S. No MDA assay by TBARS Method 

 Concentration (µM/ml) Average 

1 

Standard MDA (BHT)  

1 0.0643 

2 0.098 

4 0.148 

6 0.2393 

8 0.3357 

10 0.4073 

2 Normal glucose 0.5327 

3 High glucose 3.434 

4 Simarouba glauca 100 µg 5.95956 

 

The Simarouba glauca extract 100 µg demonstrated a 

protective antioxidant effect against hyperglycemia-induced 

oxidative stress in NRK-52E cell lines. This was evidence 

by decrease in MDA concentration from 5.96 µM/mL (High 

glucose) to 4.30 µM/mL (S. glauca extract group) indicated 

a reduction in lipid peroxidation and cellular damage. 

Therefore, the S. glauca extract shows nephroprotective and 

antioxidant properties under hyperglycemic conditions.  
 

In- Vitro Antioxidant activity of Simarouba glauca 

The in-vitro antioxidant activity of Simarouba glauca were 

determined using five different methods and the results are 

presented below. 
 

Determination of DPPH free radical scavenging assay of 

AESGL 
  

Table 6: Determination of DPPH free radical scavenging assay of 

AESGL 
 

S.no 
Concentration 

(µg/ml) 

Percentage inhibition 

of ascorbic acid 

(µg/ml) 

Percentage 

inhibition of 

AESGL(µg/ml) 

1 0.5 29.92 17.75 

2 1 34.15 21.79 

3 1.5 43.83 41.61 

4 2 50.00 49.55 

5 2.5 55.28 51.59 

 IC50 7.9 µg/ml 8.7 µg/ml 

 

 
 

Fig 9: Graphical data of DPPH scavenging activity of AESGL 
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The inhibitory concentration (IC50) of Simarouba glauca leaf extract against the DPPH radical scavenging assay was found to 

be 8.7 µg/ml, when compared 7.9 µg/ml for ascorbic acid. 

 

Determination of hydrogen peroxide scavenging activity of AESGL 

 
Table 7: Determination of hydrogen peroxide scavenging activity of AESGL 

 

S.no Concentration (µg/ml) Percentage inhibition of ascorbic acid (µg/ml) Percentage inhibition of AESGL(µg/ml) 

1 2 29.92 13.95 

2 4 32.03 31.31 

3 6 47.23 44.52 

4 8 50.08 52.3 

5 10 63.26 54.4 

 IC50 7.3 µg/ml 8.01 µg/ml 

 

 
 

Fig 10: Graphical data of Hydrogen peroxide assay of AESGL 

 

The inhibitory concentration (IC50) of Simarouba glauca leaf extract against the Hydrogen peroxide assay was found to be 

8.01 µg/ml, when compared 7.3 µg/ml for ascorbic acid. 

 

Determination of nitric oxide scavenging assay of AESGL 

 
Table 8: Determination of nitric oxide scavenging assay of AESGL 

 

S.no Concentration (µg/ml) Percentage inhibition of ascorbic acid (µg/ml) percentage inhibition of AESGL(µg/ml) 

1 2 27.25669 9.9917 

2 4 32.03546 22.8339 

3 6 38.40715 34.1119 

4 8 44.24787 34.256 

5 10 50.08858 37.1887 

 IC50 9.09 µg/ml 12 µg/ml 

 

The inhibitory concentration (IC50) of Simarouba glauca leaf extract against the Nitric oxide scavenging assay was found to be 

12 µg/ml, when compared 9.09 µg/ml for ascorbic acid. 

 

Determination of ferric reducing power of AESGL 

  
Table 9: Determination of ferric reducing power of AESGL 

 

S.no Concentration (µg/ml) Percentage inhibition of ascorbic acid (µg/ml) Percentage inhibition of AESGL(µg/ml) 

1 2 31.1 34.36 

2 4 37.29 37.8 

3 6 43.32 42.06 

4 8 47.23 44.1 

5 10 53.42 44.9 

 IC50 8.2 µg/ml 9.4 µg/ml 
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Fig 11: Graphical data of Nitric oxide Scavenging assay of AESGL 
 

 
 

Fig 12: Graphical data of Ferric reducing power assay of AESGL 

  

The inhibitory concentration (IC50) of Simarouba glauca leaf extract against the Ferric reducing power assay was found to be 

9.4 µg/ml, when compared 8.2 µg/ml for ascorbic acid. 

 

Determination of total antioxidant capacity of AESGL 

 
Table 10: Determination of total antioxidant capacity of AESGL 

 

S.no Concentration (µg/ml) 
Percentage inhibition of ascorbic acid 

(µg/ml) 
Percentage inhibition of AESGL(µg/ml) 

1 2 28.23 29.23 

2 4 36.47 37.47 

3 6 53.23 54.23 

4 8 73.67 64.67 

5 10 91.17 71.17 

 IC50 5.33 µg/ml 6.05 µg/ml 
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Fig 13: Graphical data of Total antioxidant capacity of AESGL 

 

The inhibitory concentration (IC50) of Simarouba glauca 

leaf extract against the Total antioxidant capacity was found 

to be 6.05 µg/ml, when compared 5.33 µg/ml for ascorbic 

acid. 

 

Conclusion 

For the first time, the findings of this study demonstrate that 

the aqueous extract of Simarouba glauca leaves exhibits 

remarkable nephroprotective and antioxidant potential 

against alloxan-induced diabetic nephropathy. The extract 

showed strong free radical scavenging activity in vitro and 

effectively protected NRK-52E renal cells from oxidative 

damage. In vivo administration significantly improved renal 

function biomarkers, reduced hyperglycemia and preserved 

kidney histoarchitecture comparable to standard drug 

Ramipril. These results suggest that Simarouba glauca may 

serve as a promising natural therapeutic candidate for 

managing diabetic nephropathy and oxidative stress-related 

renal complications. Further studies are warranted to isolate 

and characterize the bioactive compounds responsible for 

these effects. This research scientifically validates its 

traditional use and establishes a foundation for future 

therapeutic applications in diabetic kidney disease. 
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