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Abstract 
Radiotherapy is the most common treatment for cancer patients, where ionizing radiation kills the tumor and 
healthy non-cancerous cells surrounding them. A synthetic drug, amifostine is commonly utilized to prevent 
the major drawback of radiotherapy. This drug may also be toxic to the individual being treated. In this aspect, 
Moringa oleifera leaf – 30% ethanol extract (MOLE) shows abundant antioxidant-rich polyphenols, 
neutralizing free radicals from radiation penetration into living cells' water molecules. The free radical 
scavenging ability of MOLE in the liver of Pangasius sutchi can be quantified by antioxidant enzyme assays 
such as superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH), which are endogenous 
enzymes of our body and are involved in neutralizing free radicals. The lipid peroxidation (LPO) assay also 
quantifies the peroxidation level of fatty acids arising from lipoxygenases or free radical pathways. The 
default radioprotective effect of amifostine was high among the comparative compounds. This result was 
followed by MOLE and flavonoids such as kaempferol and quercetin. Thus, the study forms a base for the 
radioprotection activity of MOLE in replacing the chemical drug amifostine.  
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INTRODUCTION: 
Medical imaging techniques, including roentgen diagnostics, computed tomography, and radiotherapy, pose a 
risk of radiation-induced side effects to patients and medical professionals1. Side effects, such as nausea, loss 
of appetite, cancer, hair loss, infertility, and secondary cancer. 2. When radiation penetrates the tissue, it may 
induce ionization and generate hydroxyl free radicals3. The hydroxyl radical poses the greatest risk to tissues 
because of its exceptional reactivity and capacity to oxidize several cellular constituents, including lipids, 
proteins, and carbohydrates. Oxidative stress induces harm to both mitochondrial and nuclear DNA, 
potentially leading to genetic mutation and the development of cancer. 

Free radicals and reactive oxygen species (ROS) are protected by both endogenous and exothermic antioxidant 
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protection. Endogenous antioxidant enzymes, including SOD, CAT, and substances like GSH prevents 
excessive oxidative stress. Polyphenols are a kind of exogenous antioxidants. The combined action of naturally 
occurring and externally derived antioxidants helps maintain a balance between oxidative processes and 
antioxidant defenses, reducing the harmful consequences of oxidative stress. This equilibrium allows ROS to 
carry out crucial physiological roles as mediators of communication between cells. 

Those who are affected by cancer and receive radiation therapy must use radio protectors to shield their healthy 
cells from radiation. It decreases the production of harmful molecules called free radicals, triggers a state of 
low oxygen levels in cells, and stimulates the activation of cellular radioprotective enzymes such as SOD. 
Furthermore, radio protectors assist in improving the DNA repair process and hinder the activation of death-
signaling pathways4. 

Amifostine is a versatile and effective drug that protects cells throughout the body. It can safeguard almost all 
regular tissues against the adverse consequences of radiation or certain chemotherapy drugs. The medicine has 
hypotensive effects, resulting in gastrointestinal problems in both the upper and lower parts of the digestive 
system. This leads to negative behavioral reactions and a decline in performance5. While the potential of 
synthetic radio protectants in medicinal applications is exciting, their effectiveness is limited due to their 
intrinsic systemic toxicity and short biological half-lives. Therefore, alternative herbal therapy has a significant 
impact in substituting synthetic pharmaceuticals6. 

The antioxidant properties of M. oleifera leaf extracts are seen in both in vivo and in vitro, which may be 
attributed to their abundant content of phenolic acids and flavonoids7. Chemical compounds derived from 
medicinal plants serve as valuable resources to alleviate certain ailments that impact human well-being. 
Currently, extensive research is being conducted on extracting these bioactive chemicals, leading to 
identifying novel pharmaceuticals derived from natural sources using contemporary methodologies8. The 
primary bioactive constituents found in M. oleifera are kaempferol and quercetin. The medicinal value of 
kaempferol includes antibacterial, anti-inflammatory, antioxidant, anticancer, cardio protective, 
neuroprotective, and antidiabetic activity9. The in vivo antioxidant activity of quercetin shows the free radicals 
scavenging and prevention of lipid peroxidation10. Quercetin improves GSH levels and decreases 
malondialdehyde (MDA) and hydroxyl levels. Thus, the above-mentioned qualities of MOLE pave the way 
for exploring radioprotection activity in comparison with synthetic drug amifostine along with flavonoids 
such as kaempferol and quercetin. 

MATERIAL AND METHODS: 
Plant extraction procedure 
The leaf of M. oleifera was collected from the Vellore district in Tamil Nadu, India, and the 30% ethanol 
extract was prepared according to Khan’s methodology11. 

Adaptation of fish to new environmental conditions 
The in-vivo study was conducted using fingerlings of P. sutchi following the guidelines of the OECD12. The 
procedures were performed according to CPCSEA13 guidelines for experimentation on fish. Ethical clearance 
was given by the institutional ethical committee for animals, The IAEC No.15/IAEC/CENR/04. 

Quantification of the lethal dose (LD30) of gamma irradiation 
The LD30 was measured by exposing the fish to Cobalt-60 gamma radiation using a gamma chamber-5000.  
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Determining the low observed effective level (LOEL) using the micronucleus (MN) test for 96 hours. 
The cytotoxic tests known as MN assay developed by Bolognesi and Hayashi14 was used to determine the 
LOEL level of amifostine, MOLE, kaempferol, and quercetin based on abnormalities in red blood cells (RBC) 
of P. sutchi. 

Radio-protection studies using LOEL concentration of amifostine, MOLE, kaempferol, and quercetin 
in P. sutchi with LD30 of gamma irradiation (32 days study) 
Tissue homogenate preparation 
The internal organs are carefully transferred into Eppendorf tubes filled with PBS for homogenization. The 
tissue was promptly cut off and rinsed using chilled PBS (0.1 M, pH 7.4). It was dried by blotting paper, then 
weighed and finely chopped using stainless steel scissors to prepare tissue homogenate with PBS using a 
tissue homogenizer. 

A 10% tissue homogenate was generated by mixing the tissue with a solution containing 0.1 M PBS in a ratio 
of 1:9. The mixture was then centrifuged at 4℃ for 20 minutes at a speed of 8000 revolutions per minute. 
Ultimately, the liquid portion was gathered and preserved at a temperature of 20℃ for further utilization in 
the assessment of LPO, SOD, CAT, and GSH enzymes. 

Lowry's technique for protein detection  
The total protein content was assessed using Lowry’s protocol15. Protein molecules in alkaline liquids react 
with copper ions and the phenolic hydroxyl group that contains amino groups to generate a complex. The 
presence of tryptophan and tyrosine in the copper protein complex leads to a reaction with the Folin-
Ciocalteau reagent, resulting in the reduction of phosphomolybdate and the formation of a blue hue. The 
intensity of the color is directly related to the amounts of the proteins, namely the aromatic amino acids. 

A graph was created by using standard concentration on the X-axis and optical density on both sides, while 
blue color intensity was measured at 620 nm. The measurement of protein content and tissue level were both 
reported as mg/ml. 

SOD activity: 
Li16 elaborated on the SOD antioxidant assay at a later stage. SOD enzyme is involved in the inhibition of 
autoxidation, and the concentration of SOH in its 325 nm region has an impact on this.17. 

The SOD activity was calculated using the following formula: 

ቀ𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓
𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑇
− 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓

𝑠𝑎𝑚𝑝𝑙𝑒
𝑇

ቁ

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙/𝑇
 × 100% 

Where, T= 5 minutes 

CAT Assay 
CAT activity assay was done using the Domingues & Gravato18 methodology. The degradation of peroxide 
is monitored at a wavelength of 240 nm and immediately measured to determine the rate of reaction since 
water and oxygen do not absorb at this specific wavelength. The presence of catalase increases the reaction 
rate proportionally. 

Calculation: µ mol/min/mg of protein 
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𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘) ×

𝑉𝑡
𝑉𝑠

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑣𝑎𝑙𝑢𝑒 ×  𝜀 × 𝑑
  

Vt/Vs represents the ratio of the total volume to the volume of the sample, which is 150 μL/5 μL in this 
instance. The amount of protein in the samples was measured in mg/mL. ε denotes the 
coefficient of molar extinction in hydrogen peroxide (H2O2), 
which is 0.04 mM/cm at a wavelength of 240 nm, and d represents the approximate length of the light path, 
which is 0.9 cm.  

GSH Assay 
The method used by Elman19. The compound 5-5'-dithiobis-2-nitrobenzoic acid reacts with GSH to form a 
chromophore with a wavelength of 412 nm, known as 5-thionitrobenzoic acid (TNB) or GS-TNB. Glutathione 
reductase enhances the reaction by reducing GS-TNB and releasing another TNB molecule, which is then 
recycled with GSH. 

The conventional graph was presented with the concentration of the standard on the x-axis and optical density 
on the y-axis. The GSH enzyme content was expressed as µM/g tissue. 

LPO Assay  
The LPO assay was conducted according to the protocol described by Mani20. The chromogenic reagent, 2- 
thiobarbituric acid reacts with MDA to produce an end product of LPO. A single MDA molecule undergoes 
a Knoevenagel-type condensation reaction with two molecules of 2-2-thiobarbituric acid (TBA), forming a 
chromosphere that exhibits a maximum absorbance at 532 nm. 

A conventional graph was presented with the concentration of the standard on the x-axis and optical density 
on the y-axis. The LPO concentration was expressed as nM MDA/mg tissue 

Statistical Analysis 
The statistical analysis and graphing were done using Origin Pro 2024 software. The significance of group 
means at 0.05 level was measured using One-way ANOVA. Mean comparison and homogeneity of variance 
were done by Fisher and Levene's test (Absolute Deviations) respectively.  

RESULTS & DISCUSSION 
Determination of LD30 of γ-irradiation in P. sutchi   
The LD30 result was derived from the LD50 value of gamma irradiation using Finney’s probit statistical 
analysis over a 32-day study period and it was found to be 13.18 Gy. 

The results for LOEL concentration of compounds were given based on the MN assay showing mean 
percentage of abnormalities in RBCs 
The LOEL concentrations were determined to be 80 mg/Kg body weight (B.W) for amifostine (Figure 1), 130 
mg/Kg B.W for MOLE (Figure 2), and 20 mg/Kg B.W for both kaempferol and quercetin (Figure 3). These 
findings were calculated using the erythrocytic abnormalities, which were found to be around 4 to 5% in the 
MN test. Any value below this percentage was deemed to indicate a null impact or the normal apoptotic phase 
of cells. The presence of erythrocytic abnormalities, in addition to the previously specified percentage, 
indicates that the medications may have potentially fatal consequences due to an increase in concentration. 
As the doses increased the erythrocytic abnormalities such as micro nucleated, binucleated, vacuolated cells 
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and apoptotic cells increased. 
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Figure 1. The mean percentage of abnormalities in RBCs showing LOEL amount of amifostine with ± 
standard deviation. 
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Figure 2. The mean percentage of abnormalities in RBC’s showing LOEL amount of MOLE with ± standard 
deviation. 
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Figure 3. The mean percentage of abnormalities in RBCs showing LOEL amount of kaempferol and quercetin 
with ± standard deviation. 

Protein analysis  
The amount of protein in the animal tissue is directly proportional to the radioprotective effect of that 
compound. The protein level in the liver of the sham group was measured to be 74.62 mg/ml tissue on the 2nd 
day and 77.89 mg/ml tissue on the 32nd day. The amifostine treatment group had the highest protein content, 
with 65.49 mg/ml tissue on the 2nd day and 69.29 mg/ml tissue on the 32nd day. The MOLE group had the 
second highest protein content, with 62.62 mg/ml tissue on the 2nd day and 66.36 mg/ml tissue on the 32nd 
day. The kaempferol group had a protein content of 59.89 mg/ml tissue on the 2nd day and 63.96 mg/ml tissue 
on the 32nd day. The quercetin group had the lowest protein content, with 58.22 mg/ml tissue on the 2nd day 
and 60.42 mg/ml tissue on the 32nd day. The LD30 group had a significantly reduced protein content, with 
values of 52.76 mg/ml tissue on the 2nd day and 49.62 mg/ml tissue on the 32nd day. The findings are given in 
Figure 4.  
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Figure 4. The amount of protein shows the radioprotective efficacy of amifostine, MOLE, kaempferol, and 
quercetin in the liver of P. sutchi exposed to LD30 of gamma irradiation. The one-way ANOVA using Fisher’s 
test shows that the means of groups that do not share a similar alphabet at p ≤ 0.05 level. The Homogeneity 
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of variances using Levene's test – Absolute deviations show the group variances at p ≤ 0.05 level. 

SOD assay 
SOD is an enzyme that maintains the amount of superoxide by converting it into H2O2 and cellular oxygen21. 
It is present in all living cells exposed to oxygen17. SOD activity in the liver of the sham group was measured 
to be76% on the second day and 38.46% on the 32nd day... The group treated with amifostine exhibited the 
highest SOD activity, with percentages of 36.26 on the 2nd day and 36.73 on the 32nd day. This was followed 
by the MOLE group, which had percentages of 35.32 on the 2nd day and 35.75 on the 32nd day. The kaempferol 
group had percentages of 33.82 on the 2nd day and 34.64 on the 32nd day, respectively. Lastly, the quercetin 
group had percentages of 32.23 on the 2nd day and 32.75 on the 32nd day. The LD30 group had significantly 
reduced SOD activity, measuring 31.35% on the 2nd day and 30.84% on the 32nd day. The findings are shown 
in Figure 5. 
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Figure 5. The SOD activity showing radioprotective efficacy of amifostine, MOLE, kaempferol, and 
quercetin in the liver of P. sutchi exposed to LD30 of gamma irradiation. The one-way ANOVA using Fisher’s 
test shows that the means of groups that do not share a similar alphabet are at p ≤ 0.05 level. The Homogeneity 
of variances using Levene's test – Absolute deviations show the group variances are at p ≤ 0.05 level. 

CAT assay 
CAT is a ubiquitous enzyme present in almost all living species. It plays a crucial role in defense against 
oxidative stress by inhibiting the generation of harmful free radicals. CAT efficiently decomposes H2O2 into 
water and oxygen after SOD converts superoxide into H2O2. This process allows CAT to break down millions 
of H2O2 molecules per second rapidly21.  The quantity of CAT in the liver of the sham group for 2nd and 32nd 
day was measured to be 0.99 and 1.04 µ mol/min/mg of protein respectively. The amifostine treatment group 
exhibited the highest concentration of CAT for 2nd day and 32nd day with values of 0.96 and 0.99 µ 
mol/min/mg of protein respectively. This was followed by MOLE, with values of 0.91 and 0.93 µ mol/min/mg 
of protein on the 2nd and 32nd day, respectively. Kaempferol had values of 0.87 and 0.89 µ mol/min/mg of 
protein on the 2nd and 32nd day, respectively, while quercetin had values of 0.85 and 0.86 µ mol/min/mg of 
protein on the 2nd and 32nd day, respectively. The LD30 group had a significantly low concentration of CAT, 
with values of 0.83 and 0.82 µ mol/min/mg of protein on the 2nd and 32nd day, respectively, Figure 6 displays 
the results. 
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Figure 6. The concentration of CAT shows the radioprotective efficacy of amifostine, MOLE, kaempferol, 
and quercetin in the liver of P. sutchi exposed to LD30 of gamma irradiation. The one-way ANOVA using 
Fisher’s test shows that the means of groups that do not share a similar alphabet are at p ≤ 0.05 level. The 
Homogeneity of variances using Levene's test – Absolute deviations show the group variances, p ≤ 0.05 level. 

A deficit or mutation of CAT has been associated with a range of illnesses and abnormalities21. Elevated CAT 
activity signifies an augmented presence of H2O2 inside the body, indicating exposure to higher quantities of 
free radicals. This exposure might potentially result in oxidative stress.  

GSH assay 
GSH, an intracellular reducing agent, is present in all animal cells and acts as a protective factor against free 
radicals, peroxides or other damaging substances. It can restore antioxidants, such as ascorbic acid and 
tocopherol. It also plays a role in the repair of lipids, proteins, DNA, and RNA that have been damaged by 
peroxidation. Additionally, it helps maintain sulfhydryl protein groups in their reduced form. GSH maintains 
redox equilibrium by functioning as both a direct antioxidant and a substrate for glutathione peroxidase, an 
enzyme that scavenges free radicals21.  

The concentration of GSH in the liver of the sham group was measured to be 25.87 and 27.74 µM/g tissue on 
the 2nd and 32nd day, respectively. The amifostine treatment group had the highest GSH content, with 
concentrations of 23.23 µM/g tissue on the 2nd day and 24.56 µM/g tissue on the 32nd day. The MOLE group 
had slightly lower GSH content, with concentrations of 22.07 µM/g tissue on the 2nd day and 22.79 µM/g 
tissue on the 32nd day. The kaempferol group had GSH concentrations of 19.86 µM/g tissue on the 2nd day 
and 21.89 µM/g tissue on the 32nd day. The quercetin group had GSH concentrations of 19.31 µM/g tissue on 
the 2nd day and 20.59 µM/g tissue on the 32nd day. The LD30 group had a significantly low concentration of 
GSH, measuring 17.95 µM/g tissue on the 2nd day and 16.54 µM/g tissue on the 32nd day. The results are 
given in Figure 7. 
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Figure 7. The quantity of GSH showing radioprotective efficacy of amifostine, MOLE, kaempferol, and 
quercetin in the liver of P. sutchi exposed to LD30 of gamma irradiation. The one-way ANOVA using Fisher’s 
test shows that the means of groups that do not share a similar alphabet are at p ≤ 0.05 level. The Homogeneity 
of variances using Levene's test – Absolute deviations show the group variances at p ≤ 0.05 level. 

GSH plays a crucial role in xenobiotic biotransformation by detoxifying electrophiles and damaging radicals. 
Several harmful chemicals are excreted in the urine as derivatives of mercapturic acid or as conjugates with 
bile in the form of GSH. 

LPO assay 
The present study demonstrated that pretreatment of MOLE protects hepatic function from radiation-induced 
LPO. The level of LPO in the liver of the sham group was measured to be 3.56 and 3.49 nM MDA/mg tissue 
on the 2nd and 32nd day, respectively. The amifostine treatment group had the highest LPO content, with levels 
of 3.94 and 3.84 nM MDA/mg tissue on the 2nd and 32nd day, respectively. This was followed by the MOLE 
group, with levels of 4.17 and 4.09 nM MDA/mg tissue on the 2nd and 32nd day, respectively. The kaempferol 
group had levels of 4.44 and 4.33 nM MDA/mg tissue on the 2nd and 32nd day, respectively, while the quercetin 
group had levels of 4.92 and 4.74 nM MDA/mg tissue on the 2nd and 32nd day, respectively. The LD30 group 
had a very low LPO content, with values of 5.15 and 5.65 nM MDA/mg tissue on the 2nd and 32nd day, 
respectively. The LPO results are shown in Figure 8. 
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Figure 8. The amount of LPO showing radioprotective efficacy of amifostine, MOLE, kaempferol, and 
quercetin in the liver of P. sutchi exposed to LD30 of gamma irradiation. The one-way ANOVA using Fisher’s 
test shows that the means of groups that do not share a similar alphabet are at p ≤ 0.05 level. The Homogeneity 
of variances using Levene's test – Absolute deviations show the group variances at p ≤ 0.05 level. 

Lipid hydro peroxides are generated in living organisms by the free radical mechanisms of ROS. Additionally, 
they appear as byproducts when lipoxygenases work on polyunsaturated fatty acids in the presence of 
oxygen17. LPO is a key process through which ROS exerts its hazardous effects. This process involves the 
destruction of membranes through radical reactions, resulting in alterations in membrane permeability and 
fluidity22. Additionally, ROS has the potential to interact with DNA directly. 

A decrease in protein, CAT, GSH content, SOD activity, and an increase in LPO levels was observed in the 
LD30 (Negative control) group as the days went on, which resembles permanent damage in the liver. 
Simultaneously an increase in protein, CAT, GSH content, SOD activity, and a decrease in LPO levels was 
observed in other treatment groups from the 2nd day to the 32nd day. It may be due to the protective effects of 
amifostine, MOLE, kaempferol, and quercetin and their cell rejuvenation activity. The lower values of protein, 
SOD, CAT, GSH, and elevated levels of LPO in the PBS control group during the early days of the study 
period are due to external stress while traveling for irradiation. As time progresses, the stress diminishes, 
resulting in elevated protein, SOD, CAT, GSH, and depleted LPO levels in subsequent days.  

CONCLUSION: 
The oxidative injury, evidenced by the elevated LPO levels, depleted GSH, CAT, protein levels, and SOD 
activities were noticed in this present study. The impairments in endogenous enzymes of the liver exposed to 
γ- irradiation were improved by MOLE pretreatment. Thus, the results emphasized the free radical scavenging 
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of MOLE in comparison with amifostine, kaempferol, and quercetin. 
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