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Abstract
Background: Oxidative stress arises due to a misbalance between radical formation and detoxification. This results in 
micro-macromolecular damage and redox signaling disruption. An antioxidant hinders the oxidation of the substrate 
when it is present at concentrations even lower than those of an oxidizable substrate. Aim: Aqueous extract derived from 
Stevia leaves, banana fruits and tomato fruits screened in healthy and oxidatively stressed Albino Wistar rats (10-12 weeks 
old) for developing a nutraceutical or therapeutic option for disorders involving free radicals. Methods: Aqueous extract 
subjected to oral OD dose of 100 mg/kg for 30 days using ascorbic acid as standard. Body weight, enzymatic antioxidant 
defenses (superoxide dismutase, glutathione reductase and catalase) and non-enzymatic antioxidants (ascorbic acid, alpha-
tocopherol) were determined. Results: Oral extract administration increased enzymatic and non-enzymatic antioxidant 
levels. Compared to Stevia and control groups, the extract significantly controlled body weight gain. Higher non-enzymatic 
antioxidant levels indicated the presence of water-soluble antioxidants. H and E- stained organ sections confirmed improved 
physiology in extract-treated groups. Conclusion: The combined aqueous extracts of stevia, ripe or unripe banana and ripe 
or unripe tomato are an appropriate strategy for maintaining normal oxidative level and reducing free radicals. This paves 
the path for further phytochemical and pharmacological screening in disorders like metabolic syndrome. 
Major Findings: The polyphenol-rich extract from Stevia rebaudiana, Musa acuminata, and Solanum lycopersicum enhanced 
both enzymatic and non-enzymatic antioxidants in rats. Histology confirmed improved organ health, and body weight gain 
was regulated. The extract showed synergistic effects and potential against oxidative stress.
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1.  Introduction

Disruption between radical formation and 
detoxification forces the physiological system towards 
oxidative stress and impairs redox-sensitive target 
proteins1,2. This inconsistency between pro-oxidative 
and anti-oxidative pathways may result in disorders 
like atherosclerosis and diabetes3. An antioxidant 
restores the equilibrium by retarding or inhibiting 
the oxidation of the substrate even at concentrations 
smaller than of oxidizable substrate. Superoxide 
dismutase and catalase provide enzymatic antioxidant 
defenses, while ascorbic acid, vitamins represent the 
non-enzymatic antioxidants4. High calorie intake 
is also associated with metabolic disorders, and 
reformulation of pharmaceutical products may be an 
acceptable means of minimizing sugar consumption by 
partial or complete replacement of sugar5. Polyphenols 
are strong antioxidants and beneficial in disorders 
such as diabetes, obesity and neurodegenerative 
diseases6. S. rebaudiana leaves are been employed for 
sucrose substitution and steviol glycosides ensure low 
calories with high levels of sweetness7. Polyphenols 
present in M. acuminata and S. lycopersicum fruit 
have an edge because their assimilation is increased by 
saccharides8,9.

In a previous study, our research group fortified 
the aqueous extract of S. rebaudiana leaves with fruit 
extracts of M. acuminate and S. lycopersicum9. Ripe 
and unripe fruit aqueous extracts were mixed in 
various ratios and screened for DPPH inhibition. The 
dual component fruit extracts possessing the highest 
free radical scavenging were further intermingled 
with stevia aqueous extract10. The obtained triple 
component extract (pH 4.6) consisted of aqueous 
extracts of Stevia leaves: Ripe banana fruit: Unripe 
banana fruit: Ripe tomato fruit: Unripe tomato fruit 
in a ratio of 7:2:1:1:2. The extract exhibited significant 
total phenolic content, total flavonoid content and 
DPPH inhibition activity. The extract was screened 
for acute toxicity in Albino Wistar rats as per OECD 
423 guidelines. That study ensured that the oral 
administration of the extract is non-toxic and LD50 
cut off to be 2500 mg/kg of rat body weight. The 
screening drilled the prospective pharmacological 
screening of the extract at a dose of 40-200 mg/kg rat 
body weight. 

Stevia enjoys diverse biological activities like 
antioxidant and banana’s dopamine, ascorbic acid 
and other antioxidants reduce oxidative stress11,12. 
Pronounced amount of vitamin C, folate and vitamin 
K reinforces S. lycopersicum to act as a powerful 
antioxidant13,14. Two or more active ingredients may 
be added in a dosage form and fortification of bio 
actives15,16. We assessed its antioxidant potential so 
that it may be further utilized in free radical-mediated 
disorders such as metabolic syndrome.

2.  Materials and Methods

2.1  Chemicals
Thiobarbituric acid, trichloroacetic acid, n-butanol, 
1,1,3,3-tetraethoxypropane, H2O, pyrogallol, Tris HCl, 
5, 5’-dithiobis-2-nitrobenzoic acid, Folin ciocalteau 
reagent, Bovine serum albumin, copper sulfate, 
sodium-potassium tartrate were purchased from Sigma 
Aldrich (India).

2.2 Plant Materials
Stevia rebaudiana Bertoni. leaves (family: Asteraceae), 
M. acuminata Colla. fruits (family: Musaceae) and 
S. lycopersicum L. fruits (family: Solanaceae) were 
purchased from the local market and subjected to 
authentication (IU/PHAR/HRB/20/03, IU/PHAR/
HRB/20/01, IU/PHAR/HRB/20/02) at Department of 
Pharmacy, Integral University, Lucknow, India. The 
triple component extract consisted of aqueous extracts 
of Stevia leaves: Ripe banana fruit: Unripe banana fruit: 
Ripe tomato fruit: Unripe tomato fruit in a ratio of 
7:2:1:1:2.

2.3  Animal species
Albino Wistar rats of 8-12 weeks age were procured 
from Central Drug Research Institute, Lucknow, India 
(Reg. No. 34/GO/Re-SL/Bi-S/99/CPCSEA) and studied 
at Hygia Institute of Pharmaceutical Education and 
Research, Lucknow, India (Reg. No. 1088/Re/S/07/
CPCSEA) as per the approved protocol:  HIPER/
IAEC/43/20/0817. 

2.4  Statistical Analysis
Statistical difference between groups was measured 
using GraphPad Prism 8.4.3.686. Values are depicted 
as mean ± SEM for 3 observations per experiment/
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group. Statistical difference between experiment/
groups was measured using non-parametric paired 
t-test, where variations between groups are reported as 
non-significant (p > 0.05), significant (p ≤ 0.05), very 
significant (p ≤ 0.01), highly significant (p ≤ 0.001) 
when the test is compared to the reference or control.

3.  Antioxidant Screening 

3.1  Control and Standard Group
25 rats were divided into 5 groups (I-V) comprising of 5 
rats in each. Group I and II demonstrated the study for 
healthy physiology. Groups III, IV and V exhibited the 
oxidative stress and were administrated intraperitoneal 
injection of a single dose of CCl4 (50% in corn oil) at 
0.5 ml/kg body weight at day 018. For 30 days: Group I 
(Normal control) received vehicle (0.9% normal saline) 
only. Group II (Test in normal physiology) received 
vehicle + triple component extract (10) (100 mg/kg, 
p.o., OD). Group III (Disease control) received vehicle 
only19. Group IV (Standard) received vehicle + Ascorbic 
acid (100 mg/kg, p.o., OD). Group V (Test in oxidative 
stress) received vehicle + triple component extract 
(100 mg/kg, p.o., OD). Body weight (Table 1) and food 
intake were monitored daily and estimations carried 
out for the antioxidant activity in serum (Vitamin C 
and E) on day 0, 5, 10, 15, 20, 25 and 30 of the study 
by taking blood samples from retro-orbital sinus using 
fine capillary tubes20,21. Antioxidant profile of liver, 
brain, kidney and spleen including histopathological 
studies was accomplished.

3.2  Rat Organ Homogenate (10% w/v)
Rat’s organs were removed, perfused, and homogenized 
in 50 mM/L phosphate buffer (pH 7.4), containing 
120 mM KCl (ratio 1:10 w/v). The supernatant was 
collected after centrifuging the homogenate at 3000 
rpm for 10 minutesat 4° C22.

3.3 � Thiobarbituric Acid Reactive Substances
The secondary degradation product of lipid oxidation 
(malonaldehyde), reacts with thiobarbituric acid. These 
2 on heating in acidic solutions forms a pink colored 
schiff ’s base adduct (absorbs at 532-535 nm)16. The 
decrease in absorbance of the sample as compared 
to the control evaluates the protection against 
lipidperoxidation.

TBARS were extracted in trichloroacetic acid, and the 
absorbance of the pink organic phase was evaluated at 532 
nm23,24. The levels of lipidperoxides (TBARS) expressed 
as nmoles of thiobarbituric acid reactive substances/mg 
protein using a standard curve of 1,1,3,3-tetraethoxypropane 
(hydrolyzes in acid to form malonaldehyde)25-27.

3.4  Catalase
Catalase activity was determined as per Aebi and 
calculated as η moles of H2O2 consumed/minute/mg 
protein28. Catalase = [ΔA/minute × volume of assay] / 
[0.081 × volume of homogenate × mg of protein].

3.5  Superoxide Dismutase (SOD)
Superoxide dismutase was determined based on 
inhibition of the autoxidation of pyrogallol29. 

3.6  Tissue Glutathione 
Organ tissue (500 mg) was homogenized in 5 ml of 
0.02 M EDTA and added 4.0 ml of cold distilled water. 
After mixing it well, 1 ml of 50 % trichloroacetic acid 
was added and shaken intermittently for 10 minutes 
using a vortex mixer. After 10 minutes, the contents 
were centrifuged at 6000 rpm for 15 minutes. Following 
centrifugation, 2 ml of the supernatant was mixed with 
4.0 ml of 0.4 M Tris buffer (pH 8.9) and 0.1 ml of 0.01M 
DTNB. The absorbance was read within 5 minutes of the 
addition of DTNB at 412 nm against a reagent blank. 

3.7  Protein Estimation 
Protein reacts with Folin ciocalteau reagent to give a 
colored complex and the absorbance determined at 
750 nm. The reaction involves reduction of copper and 
Folin reagent by the tyrosine, tryptophan and cysteine 
present in the protein. Calibration curve for protein 
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Figure 1.  Reaction involved in thiobarbituric acid 
reactive substances assay.
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was prepared by using bovine serum albumin solution 
(2 mg/ml).

3.8  Histology 
Stained slides of liver, brain, kidney and spleen were 
visualized by using a light microscope30.

4.  Result

Oral extract administration increased enzymatic and non-
enzymatic antioxidant levels. Compared to Stevia and 
control groups, the extract significantly controlled body 
weight gain. Higher non-enzymatic antioxidant levels 

indicated the presence of water-soluble antioxidants. 
H- and E - stained organ sections confirmed improved 
physiology in extract-treated groups.

5.  Discussion

Normal physiological conditions ensure free radical 
scavenging by natural cellular defense, comprising 
enzymes like superoxide dismutase and catalase35. 
Catalase converts H2O2 catalytically into water and 
oxygen, and thus neutralizes it36. Superoxide is 
dismutated to less toxic compounds by superoxide 
dismutase37. 

Table 1.  Body weight of rats (g) at dose of 100 mg/kg
Normal Oxidative Stress

Observation Time Control Test Control Standard Test
Day 0 198.52 ± 2.51 202.03 ± 0.48* 197.15 ± 2.76 200.90 ± 1.16* 198.80 ± 2.38*
Day 1 201.65 ± 3.11 203.12 ± 0.57* 199.24 ± 2.12 202.26 ±  1.31* 201.23 ± 2.66*
Day 2 203.86 ± 3.06 204.80 ± 0.92* 201.25 ± 2.61 202.60 ± 0.97* 203.77 ± 2.60*
Day 3 205.87 ± 1.45 206.41 ± 1.33* 203.04 ± 1.89 204.13 ± 0.94* 205.25 ± 2.58*
Day 4 206.98 ± 1.26 208.50 ± 1.08* 204.30 ± 2.78 206.43 ± 0.73* 207.28 ± 2.72*
Day 5 208.53 ± 3.48 209.95 ± 0.94* 205.65 ± 1.88 208.68 ± 2.91* 208.50 ± 0.82*
Day 6 209.95 ± 3.40 212.31 ± 0.73* 207.27 ± 2.93 210.80 ±  0.95* 209.85 ± 2.69*
Day 7 211.24 ± 1.34 213.43 ± 1.01* 208.56 ± 2.87 212.78 ± 0.64* 211.61 ± 2.85*
Day 8 213.06 ± 1.42 215.01 ± 1.45* 209.58 ± 2.41 215.33 ± 0.91* 212.96 ± 2.72*
Day 9 214.35 ± 3.37 216.63 ± 1.93* 211.00 ± 2.43 217.59 ±  1.95* 214.32 ± 2.62*

Day 10 215.47 ± 2.88 218.55 ± 2.12* 211.98 ± 1.93 220.57 ± 1.96* 216.01 ± 2.32*
Day 11 217.09 ± 2.88 220.81 ± 1.85* 213.20 ± 1.62 222.63 ± 0.98* 217.06 ± 2.08*
Day 12 218.41 ± 2.73 222.83 ± 1.43* 214.39 ± 1.33 223.80 ± 1.13* 218.01 ± 1.69*
Day 13 219.13 ± 2.51 224.65 ± 2.11* 215.14 ± 1.07 224.66 ± 0.96* 218.87 ± 1.48*
Day 14 219.78 ± 1.56 226.31 ± 1.27* 215.75 ± 1.09 226.18 ± 1.61* 219.40 ± 2.21*
Day 15 220.48 ± 2.43 228.28 ± 1.16* 216.46 ± 0.94 227.40 ± 0.92* 220.14 ± 2.33*
Day 16 221.16 ± 2.36 230.17 ± 1.13* 217.15 ± 0.84 228.62 ± 0.95* 220.82 ± 1.23*
Day 17 221.85 ± 1.28 232.06 ± 2.10* 217.50 ± 0.47 228.24 ± 2.91* 221.51 ± 1.12*
Day 18 222.54 ± 2.21 233.94 ± 1.08* 218.19 ± 0.35 231.61 ± 1.56* 222.20 ± 1.02*
Day 19 223.22 ± 2.15 235.83 ± 2.05* 218.21 ± 0.56 232.95 ± 1.54* 222.88 ± 0.92*
Day 20 223.91 ± 2.09 237.72 ± 1.03* 218.90 ± 0.49 234.20 ± 1.53* 223.57 ± 0.82*
Day 21 224.60 ± 2.03 239.60 ± 1.00* 219.58 ± 0.43 235.12 ± 1.60* 224.26 ± 0.73*
Day 22 225.62 ± 1.80 241.49 ± 0.98* 220.27 ± 1.41 236.38 ± 2.59* 224.94 ± 0.65*
Day 23 226.30 ± 1.74 243.38 ± 0.95* 220.96 ± 0.41 237.96 ± 2.52* 225.63 ± 0.58*
Day 24 226.99 ± 1.69 245.26 ± 0.93* 221.64 ± 1.45 239.15 ± 1.03* 226.32 ± 0.53*
Day 25 228.01 ± 1.46 247.15 ± 1.91* 222.33 ± 0.51 240.21 ± 1.55* 227.00 ± 1.31*
Day 26 228.70 ± 1.40 249.04 ± 0.89* 223.02 ± 0.59 241.70 ± 1.22* 227.69 ± 1.50*
Day 27 230.05 ± 1.11 250.92 ± 0.87* 223.70 ± 0.68 243.26 ± 0.56* 228.38 ± 0.52*
Day 28 230.74 ± 1.02 252.81 ± 1.84* 224.43 ± 2.78 244.81 ± 1.82* 229.62 ± 0.59*
Day 29 232.09 ± 1.00 254.56 ± 0.81* 225.31 ± 2.90 246.36 ± 1.81* 230.70 ± 2.57*
Day 30 233.20 ± 0.87 255.28 ± 0.92* 225.52 ± 0.92 248.46 ± 0.56* 232.12 ± 0.99*

Values are depicted as mean ± SEM for five rats per group.
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Table 2.  Antioxidant status at dose of 100 mg/kg

Observation 
Time

Normal Oxidative Stress

Control Test Control Standard Test

Superoxide Dismutase (units/mg of protein)31

Liver 82.5901± 2.56 86.2594 ± 2.06** 66.3245 ± 1.94 78.3216 ± 2.45*** 72.0361 ± 2.42**

Brain 21.7425 ± 0.64 23.0364 ± 1.03** 14.0259 ± 1.26 19.0852 ± 2.13*** 17.8216 ± 1.94**

Spleen 28.0269 ± 1.06 31.3015 ± 1.57** 21.6201 ± 1.69 24.3069 ± 0.94*** 22.2018 ± 0.46**

Kidney 35.3204 ± 3.61 38.8520 ± 3.18** 28.7530 ± 2.67 32.4025 ± 2.14*** 29.7009 ± 1.94**

Catalase (units/mg of protein)31

Liver 51.4360 ± 1.65 55.7689 ± 1.42** 39.7415 ± 1.68 45.7613 ± 2.06*** 43.7469 ± 1.08**

Brain 27.0258± 2.16 32.0256 ± 2.03** 22.4109 ± 2.10 26.8026 ± 2.36*** 24.1496 ± 2.07**

Spleen 32.0146 ± 4.06 35.7456 ± 3.84** 26.1364 ± 2.46 29.9761 ± 1.37*** 27.9426 ± 1.43**

Kidney 56.7429 ± 4.26 61.1569 ± 3.43** 47.8016 ± 3.10 53.7029 ± 2.94*** 49.7530 ± 2.10**

Thiobarbituric Acidreactive Substances (nmoles MDA/g wet weight)25

Liver 246.0358 ± 10.56 229.4125 ± 15.46** 335.7436 ± 12.67 291.0258 ± 19.63*** 321.2480 ± 17.56**

Brain 206.1578 ± 8.56 188.7532 ± 6.08** 246.7128 ± 11.20 214.3546 ± 15.38*** 234.3215 ± 9.41**

Spleen 131.3671 ± 5.34 114.2689 ± 5.46** 185.3645 ± 9.43 158.0258 ± 9.43*** 177.3105 ± 10.73**

Kidney 188.0389 ± 3.09 163.0248 ± 7.06** 236.5980 ± 13.05 207.9615 ± 9.13*** 229.9732 ± 13.47**

Tissue Glutathione GSH (μM / mg of protein)32

Liver 37.0315 ± 3.26 46.7410 ± 3.49** 25.8425 ± 2.46 48.6189 ± 2.13*** 43.7159 ± 1.94**

Brain 22.3658 ± 1.39 29.8506 ± 3.16** 16.6309 ± 3.16 34.3043 ± 2.16*** 27.7025 ± 2.17**

Spleen 26.6015 ± 1.46 39.4305 ± 2.48** 19.7402 ± 2.46 41.4028 ± 2.09*** 36.6018 ± 2.06**

Kidney 29.6320 ± 2.40 37.9025 ± 3.19** 22.6008 ± 2.73 42.0368 ± 1.16*** 35.8467 ± 2.17**

Vitamin C33 (mgm/g wet tissue)

Liver 0.2546 ± 0.06 0.2737 ± 0.03** 0.1960 ± 0.07 0.2309 ± 0.01*** 0.2169 ± 0.04**

Brain 0.2159 ± 0.04 0.2467 ± 0.04** 0.1671 ± 0.06 0.1970 ± 0.05*** 0.1762 ± 0.06**

Spleen 0.1827 ± 0.03 0.1957 ± 0.02** 0.1409 ± 0.04 0.1664 ± 0.06*** 0.1491 ± 0.01**

Kidney 0.1694 ± 0.02 0.1806 ± 0.04** 0.1337 ± 0.05 0.1503 ± 0.03*** 0.1409 ± 0.03**

Vitamin E (μmol / mg tissue)34

Liver 0.8615 ± 0.01 0.9190 ± 0.07** 0.5743 ± 0.08 0.7671 ± 0.01*** 0.6903  ± 0.04**

Brain 0.4931 ± 0.07 0.5479 ± 0.03** 0.3796 ± 0.04 0.4760 ± 0.06*** 0.4538 ± 0.13**

Spleen 0.5643 ± 0.06 0.5970 ± 0.04** 0.4289 ± 0.03 0.5367 ± 0.07*** 0.4830 ± 0.01**

Kidney 0.5736 ± 0.08 0.5864 ± 0.06** 0.4367 ± 0.09 0.5438 ± 0.03*** 0.4964 ± 0.06**

Values are depicted as mean ± SEM for five rats per group.
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Table 3.  Vitamin C(mgm/mL of serum) at dose of 100 mg/kg

Observation Time
Normal Oxidative Stress

Control Test Control Standard Test

Day of dosing 0.3459 ± 0.01 0.3521 ± 0.02** 0.2194 ± 0.06 0.2153± 0.01*** 0.2208± 0.03**

Day 5 0.3522 ± 0.04 0.3553 ± 0.04** 0.2273 ± 0.04 0.2276± 0.04*** 0.2286± 0.04**

Day 10 0.3370 ± 0.06 0.3606 ± 0.08** 0.2473 ± 0.09 0.2469± 0.06*** 0.2371± 0.06**

Day 15 0.3419 ± 0.07 0.3661 ± 0.03** 0.2308 ± 0.08 0.2780± 0.07*** 0.2497± 0.01**

Day 20 0.3402 ± 0.03 0.3680 ± 0.01** 0.2237 ± 0.04 0.2961± 0.03*** 0.2668± 0.08**

Day 25 0.3467 ± 0.01 0.3818 ± 0.07** 0.2460 ± 0.03 0.3078± 0.04*** 0.2784± 0.03**

Day 30 0.3394 ± 0.06 0.4068 ± 0.03** 0.2473± 0.04 0.3261± 0.05*** 0.2963± 0.02**

Values are depicted as mean ± SEM for five rats per group.

Table 4.  Vitamin E (μmol / mL of serum) at dose of 100 mg/kg

Observation Time
Normal Oxidative Stress

Control Test Control Standard Test

Day of dosing 0.9232 ± 0.03 0.9231± 0.06** 0.4267 ± 0.04 0.4319 ± 0.06*** 0.4271± 0.04**

Day 5 0.9248± 0.05 0.9276 ± 0.02** 0.4309 ± 0.02 0.4467± 0.07*** 0.4293± 0.07**

Day 10 0.9343± 0.07 0.9361 ± 0.05** 0.4387 ± 0.03 0.4582± 0.04*** 0.4378± 0.03**

Day 15 0.9276± 0.04 0.9308 ± 0.07** 0.4218 ± 0.07 0.4674± 0.05*** 0.4405± 0.06**

Day 20 0.9381± 0.06 0.9364 ± 0.03** 0.4183 ± 0.04 0.4706± 0.03*** 0.4436± 0.09**

Day 25 0.9476± 0.01 0.9421 ± 0.01** 0.4286 ± 0.03 0.4843± 0.09*** 0.4518± 0.04**

Day 30 09490± 0.08 0.9536 ± 0.08** 0.4308± 0.08 0.4943± 0.07*** 0.4324± 0.08**

Values depicted as mean ± SEM for 5 rats per group.

Table 5.  H and E stained (40×) microscopic examination of the rat organs

Brain Kidney Spleen Liver

Normal control

Test

Disease Control
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Hydrogen peroxide is reduced by reduced 
glutathione in the reaction catalyzed by glutathione 
peroxidase38. Vitamin C (Table 3) supports the 
regeneration of GSSG back into reduced glutathione39. 
Vitamin E (Table 4) donates hydrogen to scavenge lipid 
peroxides and terminates oxidative chain reactions. 
The unoxidised form of vitamin E can be recycled back 
by vitamin C and glutathione40.

CCl4 is a potent hepatotoxic agent used for the 
screening of the antioxidant profile (Table 2) of plant 
extracts, Oxidative stress involves the reduction 
in these antioxidant resistance mechanisms along 
with malondialdehyde formation due to lipid 
peroxidation41-43. The antioxidant activity should 
be based on at least 2 different test systems and we 
analyzed the extract for catalase, superoxide dismutase 
and thiobarbituric acid reactive substances and non-
enzymatic antioxidants44.

The intermingling of water-soluble secondary 
metabolites of S. rebaudiana Bertoni. leaves, M. 
acuminata Colla. fruits and S. lycopersicum L. fruits 
results in significantly enhanced antioxidant activity 
as compared to control, stevia and fruit extract groups. 
Our results endorse Gulcin that interactions between 
constituent’s results in effects which are not the 
obligatory properties of the individual constituents45. 
The activity of the extract may be due to simultaneous 
solubility of a group of substances and the multiple 
targets46. The differences in substitution influences the 
phenoxyl radical stability and there by the antioxidant 

properties of the flavonoids47. Pharmacodynamics 
and pharmacokinetic interactions may have led to 
synergism48,49. 

The antioxidant activity may be attributed to the 
antioxidant enzymes of S. rebaudiana Bertoni leaves, 
well known to reduce the risk of oxidative stress32,50. 
Tomato must have contributed to the antioxidant activity 
as the antioxidant activity is known to be independent 
of lycopene51,52. The results are in coordination with 
Vijay Kumar that banana decreases malondialdehyde, 
hydroperoxides and enhances catalase and superoxide 
dismutase53,54. Tricomponent extract administration 
resulted in a substantial increase in the concentrations 
of enzymatic and nonenzymatic antioxidants 
(Figure 1). The presence of water-soluble antioxidants 
was demonstrated by higher non-enzymatic oxidant 
levels. Low sugar load of the tricomponent extract 
ensured significant check on body weight gain 
(Figure 2). Hematoxylin and eosin-stained sections 
of organs and hematological parameters indicated an 
enhanced physiology in the tricomponent extract-
treated groups (Figure 3). The cell architecture of the 
liver in normal mice showed normal hepatocytes with 
central veins. Significant difference was observed in the 
liver’s physiological status between the tricomponent 
extract-treated group and the control group55.

Microscopic screening (Table 5) of spleen, liver, 
kidney and brain confirmed the enhanced structural 
modification (Figure3). Hematoxylin and eosin-stained 
sections showed enhanced histology of brain showing 

Brain Kidney Spleen Liver

Disease standard

Test

Table 5.   Continued...
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Figure 2.  Enzymatic and non-enzymatic antioxidant status in rat organs during the study at dose of 100 mg/kg.

Figure 3.  Non-enzymatic antioxidant status in rat serum during the study at dose of 100 mg/kg.

Vitamin E Vitamin C
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grey and white matter of cerebral cortex, enhanced 
red and white pulp of the spleen. Enhanced histology 
of liver revealed through the central vein and hepatic 
lobules along with portal triad. The cortical part of the 
kidney showed enhanced appearing glomeruli along 
with the cross section of the proximal and distal arm of 
collecting tubules. Absence of abnormality was found a 
similar safety profile for current tomato formulation as 
reported previously by Galle and Phachonpai56,57. The 
outcomes of the current study have a same opinion as 
Saad that stevia products are safe and don’t cause any 
health problem58-61.

6.  Conclusion

The intermingling of water-soluble secondary 
metabolites of S. rebaudiana Bertoni. leaves, M. 
acuminata Colla. fruits and S. lycopersicum L. fruits 
result in enhanced antioxidant activity. Oxidative 
stress is enhanced due to sustained hyperglycemia and 
its downstream may prevent or reverse the diabetic 
complication. Stevioside significantly decreases the 
levels of lipid peroxidation and nitric oxide in the liver 
and kidney. Plant-derived water-soluble compounds 
demonstrate a plethora of beneficial biological 
activities, and this antioxidant extract may be beneficial 
in free radical-mediated disorders such as diabetes, 
cardiovascular disorders via its antioxidant mechanism.

7.  Acknowledgements

Shom Prakash Kushwaha is a Ph.D. Research 
Scholar at IFTM University. Authors are grateful 
to the IFTM University, Integral University 
(Manuscript communication number: IU/R&D/2021-
MCN0001014) and HIPER for providing the necessary 
facilities for carrying out this research. 

8.  Author Contribution

Shom  Prakash  Kushwaha:  Experimental work;  Pavan 
Kumar:   Drafting of research findings;   Akash Singh:   
Drafting of research findings; Garima Verma:  Drafting 
of research findings;  Smriti Ojha:  Drafting of research 
findings;  Syed  Misbahul  Hasan:  Drafting of research 
findings;  Akash Ved: Drafting of research findings; 
Muhammad Arif: Drafting of research findings; 

Pushpendra Soni: Drafting of research findings; 
Sujeet  Kumar Gupta: Supervision of work; Neha 
Mathur:  Drafting of research findings; Sushil Kumar: 
Supervision of work. All authors have read and agreed 
to the published version of the manuscript.

9.  References

1.	 Hossain SU, Bhattacharya S. Synthesis of O-prenylated 
and O-geranylated derivatives of 5-benzylidene 
2,4-thiazolidinediones and evaluation of their free 
radical scavenging activity as well as effect on some 
phase II antioxidant/detoxifying enzymes. Bioorg 
Med Chem Lett. 2007; 17(5):1149-1154. https://doi.
org/10.1016/j.bmcl.2006.12.040

2.	 Gao X, Zhang H, Schmidt AM, Zhang C. AGE/
RAGE produces endothelial dysfunction in coronary 
arterioles in Type 2 diabetic mice. Am J Physiol Heart 
Circ Physiol. 2008; 295(2):H491-H498. https://doi.
org/10.1152/ajpheart.00464.2008

3.	 Pinchuk I, Shoval H, Dotan Y, Lichtenberg D. 
Evaluation of antioxidants: Scope, limitations and 
relevance of assays. Chem and Physics of Lipids. 
2012; 165(6):638-647. PMID: 22721987. https://doi.
org/10.1016/j.chemphyslip.2012.05.003

4.	 Rocha M, Bou RG, Enguix N, Mijares AH, Esplugues 
JV, Victor VM. Mitochondria-targeted vitamin E 
antioxidant: An agent for cardiovascular protection. 
Vasc Dis Prev. 2009; 6(1):36-46. https://doi.
org/10.2174/1567270000906010036

5.	 Monaco RD, Miele NA, Cabisidan EK, Cavella S. 
Strategies to reduce sugars in food. Curr Opinion 
Food Sci. 2018; 19:92-97. https://doi.org/10.1016/j.
cofs.2018.03.008

6.	 D’Angelo S. Current evidence on the effect of dietary 
polyphenols intake on brain health. Curr Nutr Food 
Sci. 2020; 16(8):1170-1182. https://doi.org/10.2174/15
73401316999200714160126

7.	 Ahmad J, Khan I, Blundell R, Azzopardi J, 
Mahomoodally MF. Stevia rebaudiana Bertoni.: 
An updated review of its health benefits, industrial 
applications and safety. Trends Food Sci Tech. 2020; 
100:177-189. https://doi.org/10.1016/j.tifs.2020.04.030

8.	 Kevers C, Falkowski M, Tabart J, Defraigne JO, Dommes 
J, Pincemail J. Evolution of antioxidant capacity during 
storage of selected fruits and vegetables. J Agric Food 
Chem. 2007; 55(21):8596-8603. PMID: 17880151. 
https://doi.org/10.1021/jf071736j



1594 Enzymatic and Non-enzymatic Antioxidants Elevation ...

Journal of Natural Remedies | eISSN: 2320-3358 http://www.informaticsjournals.co.in/index.php/jnr | Vol 25 (7) | July 2025

9.	 Siracusa L, Patane C, Avola G, Ruberto G. Polyphenols 
as chemotaxonomic markers in Italian “long-
storage” tomato genotypes. J Agric Food Chem. 
2012; 60(1):309-314. PMID: 22117757. https://doi.
org/10.1021/jf203858y

10.	Kushwaha SP, Gupta SK, Varshney MM, Sharma 
D, Aziz I, Mishra H, Hasan SM, Singh K, Kumar 
A, Kumar S. Development of triple component 
aqueous blend derived from Stevia rebaudiana, Musa 
acuminate and Solanum lycopersicum. J Nat Remedies. 
2025; 25(1):101-112. https://doi.org/10.18311/
jnr/2025/43941

11.	Wojdylo A, Oszmianski J, Czemerys R. Antioxidant 
activity and phenolic compounds in 32 selected 
herbs. Food Chem. 2007; 105(3):940-949. https://doi.
org/10.1016/j.foodchem.2007.04.038

12.	Tadhani MB, Patel VH, Subhash R. In vitro antioxidant 
activities of Stevia rebaudiana leaves and callus. J 
Food Comp Analy. 2007; 20(3-4):323-329. https://doi.
org/10.1016/j.jfca.2006.08.004

13.	Sharma D, Mishra S. An acute toxicity in human health 
of raw and cooked vegetable in tomato and spinach. 
JCHHR. 2020; 6(5):7. https://doi.org/10.24966/FSN-
1076/100075

14.	Shen CL, Bergen V, Chyu MC, Jenkins MR, Mo H, 
Chen CH, et al. Fruits and dietary phytochemicals 
in bone protection. Nutr Res. 2012; 32(12):897-
910. PMID: 23244535. https://doi.org/10.1016/j.
nutres.2012.09.018

15.	Choudhary S, Singh PK, Verma H, Singh H, Silakari 
O. Success stories of natural product-based hybrid 
molecules for multi-factorial diseases. Eur J Med 
Chem. 2018; 151:62-97. https://doi.org/10.1016/j.
ejmech.2018.03.057

16.	Parisi S. Oxidative stability and shelf life of foods 
containing oils and fats. Anal Bioanal Chem. 2016; 
408:7549-7550. https://doi.org/10.1007/s00216-016-
9875-3

17.	Deyno S, Abebe A, Tola MA, Hymete A, Bazira J, 
Makonnen E, et al. Acute and sub-acute toxicity of 
Echinops kebericho decoction in rats. BMC Complement 
Med Ther. 2020; 20(1):2. PMID: 32020865.  PMCID: 
PMC7076833. https://doi.org/10.1186/s12906-019-
2794-z

18.	Osman A, Salama A, Emam Mahmoud K, Sitohy 
M. Alleviation of carbon tetrachloride- induced 
hepatocellular damage and oxidative stress in rats 
by Anabaena Oryzae phycocyanin. J Food Biochem. 

2021; 45(1): e13562. PMID: 33184842. https://doi.
org/10.1111/jfbc.13562

19.	Yahya MA, Mothana R, Said MA, Dosari 
MA, Musayeib NA, Sohaibani MA, et al. 
Attenuation of CCl4 -induced oxidative stress and 
hepatonephrotoxicity by saudi sidr honey in rats. 
Evid Based Complement Alternat Med.2013: pp. 1-10. 
https://doi.org/10.1155/2013/569037

20.	Roe JH, Kuether CA. The determination of 
ascorbic acid in whole blood and urine through 
the 2,4-dinitrophenylhydrazine derivative of 
dehydroascorbic acid. J Biol Chem. 1943; 147(2):399-
407. https://doi.org/10.1016/S0021-9258(18)72395-8

21.	Desai ID. Vitamin e analysis methods for animal 
tissues. Methods Enzymol. 1984; 105:138-147. 
PMID: 6727662. https://doi.org/10.1016/s0076-
6879(84)05019-9

22.	Ghanta S, Banerjee A, Poddar A, Chattopadhyay 
S. Oxidative DNA damage preventive activity and 
antioxidant potential of Stevia Rebaudiana (bertoni) 
bertoni, a natural sweetener. J Agric Food Chem. 2007; 
55(26):10962-10967. PMID: 18038982. https://doi.
org/10.1021/jf071892q

23.	Devatkal SK, Naveena BM. Effect of salt, kinnow and 
pomegranate fruit by-product powders on color and 
oxidative stability of raw ground goat meat during 
refrigerated storage. Meat Sci. 2010; 85(2):306-311. 
https://doi.org/10.1016/j.meatsci.2010.01.019

24.	Ottana R, Maccari R, Giglio M, Corso AD, Cappiello 
M, Mura U, et al. Identification of 5-arylidene-4-
thiazolidinone derivatives endowed with dual activity 
as aldose reductase inhibitors and antioxidant agents 
for the treatment of diabetic complications. Eur J 
Med Chem. 2011; 46(7):2797-2806. PMID: 21531055. 
https://doi.org/10.1016/j.ejmech.2011.03.068

25.	Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides 
in animal tissues by thiobarbituric acid reaction. Anal 
Biochem. 1979; 95(2):351-358. PMID: 36810. https://
doi.org/10.1016/0003-2697(79)90738-3

26.	Pikul J, Leszczynski DE, Kummerow FA. Evaluation 
of three modified TBA methods for measuring lipid 
oxidation in chicken meat. J Agric Food Chem. 1989; 
37(5):1309-1313. https://doi.org/10.1021/jf00089a022

27.	Zeb A, Ullah F. A simple spectrophotometric method 
for the determination of thiobarbituric acid reactive 
substances in fried fast foods. J Anal Methods Chem. 
2016; 2016:9412767. PMID: 27123360. PMCID: 
PMC4830699. https://doi.org/10.1155/2016/9412767



1595Kushwaha et al.,

Journal of Natural Remedies | eISSN: 2320-3358 http://www.informaticsjournals.co.in/index.php/jnr | Vol 25 (7) | July 2025

28.	Aebi H. Catalase in vitro. Methods Enzymol. 1984; 
105:121-126. PMID: 6727660. https://doi.org/10.1016/
s0076-6879(84)05016-3

29.	McCord JM, Fridovich I. Superoxide dismutase. An 
enzymic function for erythrocuprein (hemocuprein). J 
Biol Chem. 1969; 244(22):6049-6055. PMID: 5389100.

30.	Tovar ER, Aquino EH, Grajales SC, Montano LDB, 
Gomez SG, Camacho J, et al. Stevia prevents acute and 
chronic liver injury induced by carbon tetrachloride by 
blocking oxidative stress through Nrf2 upregulation. 
Oxid Med Cell Longev. 2018; 2018:3823426. PMID: 
29849889. PMCID: PMC5933008. https://doi.
org/10.1155/2018/3823426

31.	Demerdash FME, Yousef MI, Radwan FME. 
Ameliorating effect of curcumin on sodium arsenite-
induced oxidative damage and lipid peroxidation 
in different rat organs. Food Chem Toxicol. 2009; 
47(1):249-254. PMID: 19049818. https://doi.
org/10.1016/j.fct.2008.11.013

32.	Sharma R, Yadav R, Manivannan E. Study of effect 
of Stevia rebaudiana bertoni on oxidative stress in 
Type-2 diabetic rat models. Biomed Aging Pathol. 
2012; 2(3):126-131. https://doi.org/10.1016/j.
biomag.2012.07.001

33.	Svirbely JL. The effect of diets and various substances 
on the vitamin C content of some organs of the rat. 
Am J Physiol. 1936; 116(2):446-455. https://doi.
org/10.1152/ajplegacy.1936.116.2.446

34.	Renugadevi J, Prabu SM. Cadmium-induced 
hepatotoxicity in rats and the protective effect of 
naringenin. Exp Toxicol Pathol. 2010; 62(2):171-181. 
https://doi.org/10.1016/j.etp.2009.03.010

35.	Kumawat M, Pahwa MB, Gahlaut VS, Singh N. Status 
of antioxidant enzymes and lipid peroxidation in Type 
2 diabetes mellitus with micro vascular complications. 
Open Endocr J. 2009; 3:12-15. 

36.	Asmat U, Abad K, Ismail K. Diabetes mellitus and 
oxidative stress- A concise review. Saudi Pharm J. 2016; 
24(5):547-553. PMID: 27752226. PMCID: PMC5059829. 
https://doi.org/10.1016/j.jsps.2015.03.013

37.	Tiwari BK, Pandey KB, Abidi AB, Rizvi SI. Markers of 
oxidative stress during diabetes mellitus. J Biomark. 
2013; 2013:378790. PMID: 26317014. PMCID: 
PMC4437365. https://doi.org/10.1155/2013/378790

38.	Chodakowska IM, Witkowska AM, Zujko ME. 
Endogenous non-enzymatic antioxidants in the human 
body. Adv Med Sci. 2018; 63(1):68-78. PMID: 28822266. 
https://doi.org/10.1016/j.advms.2017.05.005

39.	Birben E, Sahiner UM, Sackesen C, Erzurum S, 
Kalayci O. Oxidative stress and antioxidant defense. 
World Allergy Organ J. 2012; 5(1):9-19. PMCID: 
PMC3488923.  PMID: 23268465. https://doi.
org/10.1097/WOX.0b013e3182439613

40.	Monroy MLLV, Mej CF. Oxidative stress in diabetes 
mellitus and the role of vitamins with antioxidant 
actions. Oxidative Stress and Chronic Degenerative 
Diseases - A Role for Antioxidants. Intech Open. 2013: 
pp. 514. https://doi.org/10.5772/51788

41.	Nwidu LL, Oboma YI, Elmorsy E, Carter WG. 
Alleviation of carbon tetrachloride-induced 
hepatocellular damage and oxidative stress with a 
leaf extract of Glyphae Brevis (Tiliaceae). J Basic  Clin 
Physiol Pharmacol. 2018; 29(6):609-619. PMID: 
30157032. https://doi.org/10.1515/jbcpp-2017-0058

42.	Ding H, Triggle CR. Endothelial cell dysfunction 
and the vascular complications associated with Type 
2 diabetes: Assessing the health of the endothelium. 
Vasc Health Risk Manag. 2005; 1(1):55-71. PMCID: 
PMC1993929.  PMID: 17319098. https://doi.
org/10.2147/vhrm.1.1.55.58939

43.	Esterbauer H, Schaur RJ, Zollner H. Chemistry and 
biochemistry of 4-hydroxynonenal, malonaldehyde 
and related aldehydes. Free Radic Biol Med. 
1991; 11(1):81-128. PMID: 1937131. https://doi.
org/10.1016/0891-5849(91)90192-6

44.	Tirzitis G, Bartosz G. Determination of antiradical and 
antioxidant activity: Basic principles and new insights. 
Acta Biochim Pol. 2010; 57(2):139-142. PMID: 
20454707.

45.	Gulcin I. Antioxidant activity of food constituents: An 
overview. Arch Toxicol. 2012; 86(3):345-391. PMID: 
22102161. https://doi.org/10.1007/s00204-011-0774-2 

46.	Carmona F, Pereira AMS. Herbal medicines: Old and 
new concepts, truths and misunderstandings. Rev 
Bras Farmacogn. 2013; 23(2):379-385. https://doi.
org/10.1590/S0102-695X2013005000018

47.	Wojdylo A, Oszmianski J, Czemerys R. Antioxidant 
activity and phenolic compounds in 32 selected 
herbs. Food Chem. 2007; 105(3):940-949. https://doi.
org/10.1016/j.foodchem.2007.04.038

48.	Parasuraman S, Thing GS, Dhanaraj SA. Polyherbal 
formulation: Concept of ayurveda. Pharmacogn Rev. 2014; 
8(16):73-80. PMID: 25125878. PMCID: PMC4127824. 
https://doi.org/10.4103/0973-7847.134229

49.	Karole S, Shrivastava S, Thomas S, Soni B, Khan S, 
Dubey J, et al. Polyherbal formulation concept for 



1596 Enzymatic and Non-enzymatic Antioxidants Elevation ...

Journal of Natural Remedies | eISSN: 2320-3358 http://www.informaticsjournals.co.in/index.php/jnr | Vol 25 (7) | July 2025

synergic action: A review. J Drug Deliv Ther. 2019; 
9(1-S):453-466. 

50.	Shivanna N, Naika M, Khanum F, Kaul VK. Antioxidant, 
anti-diabetic and renal protective properties of Stevia 
rebaudiana. J Diabetes Complications. 2013; 27(2):103-
113. PMID: 23140911. https://doi.org/10.1016/j.
jdiacomp.2012.10.001 

51.	Humaish H. Study the antioxidant effect of tomato 
extract in oxidative stressed rats. Basrah J Vet Res. 
2016; 15. 

52.	Gitenay D, Lyan B, Rambeau M, Mazur A, Rock 
E. Comparison of lycopene and tomato effects on 
biomarkers of oxidative stress in vitamin E deficient 
rats. Eur J Nutr. 2007; 46(8):468-475. PMID: 18026867. 
https://doi.org/10.1007/s00394-007-0687-2

53.	Vijayakumar S, Presannakumar G, Vijayalakshmi NR. 
Antioxidant activity of banana flavonoids. Fitoterapia. 
2008; 79(4):279-282. PMID: 18329185. https://doi.
org/10.1016/j.fitote.2008.01.007

54.	Samad N, Muneer A, Ullah N, Zaman A, Ayaz MM, 
Ahmad I. Banana fruit pulp and peel involved in 
antianxiety and antidepressant effects while invigorate 
memory performance in male mice: Possible role of 
potential antioxidants. Pak J Pharma Sci. 2017; 30:989-
995. PMID: 28655697.

55.	Zhao L, Yang H, Xu M, Wang X, Wang C, Lian Y, et al. 
Stevia residue extract ameliorates oxidative stress in 
d-galactose-induced aging mice via Akt/Nrf2/HO-1 
pathway. J Funct Foods. 2019; 52:587-595. https://doi.
org/10.1016/j.jff.2018.11.044

56.	Nguenang GS, Ntyam ASM, Kuete V. Acute and 
subacute toxicity profiles of the methanol extract 
of Lycopersicon Esculentum L. Leaves (tomato), 
a botanical with promising in vitro anticancer 
potential. Evid Based Complement Alternat Med. 
2020; 2020:8935897. PMID: 32215048. PMCID: 
PMC7077039. https://doi.org/10.1155/2020/8935897 

57.	Phachonpai W, Muchimmapura S, Tong-Un T, 
Wattanathorn J, et al. Acute toxicity study of 
tomato pomace extract in rodent. OnLine J Biol 
Sci. 2013; 13(1):28-34. https://doi.org/10.3844/
ojbsci.2013.28.34

58.	Saad A, Khan FA, Hayee A, Nazir MS. A review on 
potential toxicity of artificial sweetners vs safety of 
stevia: A natural bio-sweetner. J Biol Agric Healthc. 
2014; 4(15):137-147. 

59.	Rahman ZA. The effects of antioxidants 
supplementation on haemostatic parameters and lipid 
profiles in diabetic rats. Am J Sci. 2011; 7(3):835-840. 

60.	Pacher P, Beckman JS, Liaudet L. Nitric oxide 
and peroxynitrite in health and disease. Physiol 
Rev. 2007; 87(1):315-424. PMID: 17237348. 
PMCID: PMC2248324. https://doi.org/10.1152/
physrev.00029.2006

61.	Rotimi SO, Rotimi OA, Adelani IB, Onuzulu C, Obi 
P, Okungbaye R. Stevioside modulates oxidative 
damage in the liver and kidney of high fat/low 
streptozocin diabetic rats. Heliyon. 2018; 4(5):e00640. 
PMCID: PMC5986550. PMID: 29872771. https://doi.
org/10.1016/j.heliyon.2018.e00640 


