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ABSTRACT 

Iron is an element that exists in 

various forms and compositions based 

on the overall electron charge on Fe-. 

Relevantly, one of the existent 

compounds derived from the ferrates 

group are the hydro ferrates and 

inclusively encompasses the MRN-100 

ionic based compound. MRN-100 is a 

potent and chemically stable antioxidant 

compound derived from bivalent and 

trivalent ferrates (Fe2+/Fe3+). Potently, 

the experiment done was factually based 

on the concept of ionization radiation 

and the effects rendered on tissue. An 

analysis and examination of the 

defensive influence of MRN-100 counter 

to γ-radiation- induced lethality and 

reparation to hematopoietic tissues in 

fish species-Nile tilapia of interest. The 

modules of the experiment included 

specimen samples of 216 Nile tilapia 

(Oreochromis niloticus) equally divided 

between groups. Group 1 was configured 

as a control, Group 2 induced to γ-

radiation (single dose of 15 Gy), Group 

3 and 4 were ethologically pre-treated 

with doses of 1 ml of MRN-100 per litre 

of water and 3 ml/L in water for a period 

of 1 week, and then exposed to radiation, 

while continuing to receive MRN-100 

for 1 week and 4 weeks respectively. 

The current study discussed parametric 

analysis of biochemical components in 

blood serum as well as lipid peroxidation 

in muscular tissue versus γ-radiation-

Induction and MRN-100 effect on 

radioprotective ability. Conclusion is 

made that MRN-100 is viably a 

radioprotective agent in ichthyes/Pisces 

and validly can be used as a counteract 

for ionization radiation. 
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BACKGROUND AND 

SIGNIFICANCE 

Ionizing radiation is defined as the 

energy resultant from radiation that 

ideally carries supra-energy enough to 

free electrons from atoms and/or 

molecules; the process of feeling 

electrons results in ionization of 

compounds, atoms and molecules 

depending on magnitude and overall 

charge. There are various ionization 

radiation sources but of primal interest 

are ultraviolet, Gamma rays (γ-radiation) 

and X-rays. There is however potent 

evidence that ionizing radiation can 

cause a series of significant damage to 

macromolecules in cell tissues and 

holistically degrade and demise of 

hematopoietic system.  

On factual basis of case studies, a 

number of prospects have been delved 

into the articulation and enumeration of 

the ionizing radiation. Moreover, many 

authors have directed their research 

plans toward discovering effective 

treatment for radiation negative effect 

which able to prohibit or at least 

diminish the negative deleterious effect 

concerning the free radicals that 

produced by ionizing radiation, the 

radiation composed of particles, gamma 

rays or X-rays with enough energy to 

cause ionization in the medium through 

which it passes. Ideally, there has been 

candid research investigation on 

inferential experimentations deducting 

relevant and effective radio prospective 

treatments, the value of such treatment is 

to contain, manage or expedite the 

eradication of effects caused by ionizing 

radiation. The revelations from case 

studies point out that several agents and 

compounds exhibit effective radio 

protective characteristics. Notably, they 

include the artificially synthetic factors 

ethiofos and amifostine [4], with some 

various dietary supplements. 

Understandably, these primal products 

provide some source of revitalization in 

terms of curbing and alleviating the 

negative impacts resulted from radiation. 

However, synthetic artificial compounds 

have been accosted with susceptibility to 

create poisoning impact in vitro and 

vivo. 

 Investigation and insightful 

inferential analysis was equally done on 
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some dietary agents that have 

radioprotective role like genistein [6], 

arabinoxylan rice bran (MGN-

3/Biobran) [5], Panax ginseng [8], bael 

leaf (Aegle marmelos) [7], and eckol 

(from marine alga) [9]. Further findings 

indicate that viable antioxidants (vitamin 

E and vitamin C) can be potent efficient 

radioprotectors successful in producing a 

desired or intended result [10].  

MRN-100 (hydroferrate fluid), a 

potent and chemically stable iron-based 

antioxidant compound originated from 

trivalent and bivalent ferrates 

(Fe2+/Fe3+) exhibited strong 

antioxidant properties by prohibiting 

radicalization. On the other hand, fish 

are used since deductive analysis shows 

that they offer remarkable modeling 

avenues for studying radiation impact on 

hematopoietic tissues. Increased 

productivity of ROS is primarily the 

influence parameter of ionization 

radiation effect in living cells and 

therefore this case research was angled 

to test the impact of radioprotective 

(MRN-100) versus γ-radiation with 

induction of lethality and haematopoietic 

tissue hurt [13]. 

Consciously, due to the properties of 

preventive radicalization capabilities 

exhibited by MRN-100, it is essential to 

study its exhibition as radioprotector 

versus γ-radiation in ichthyes (fish), 

Oreochromis niloticus [13]. 

 

MATERIALS AND METHODS 

1. MRN-100 

MRN-100 was prepared in distilled 

water (DW) with the concentration of 

Fe2+ and Fe3+ ions at about 2 × 10−12 

mol/l. MRN-100 is obtained from 

phytosin, a plant extract that contains 

iron and neutral lipid compounds and 

can be found in rice, wheat, or radish 

seeds. First, dispersion of 1 unit of 

Phytosin is made in the prepared 

solution of 100ml distilled water and 

ferric chloride. Ferric chloride is 

chemically intonated as FeCl3.6H2O. 

Removal of lipid compound is done via 

liquid- liquid extraction with the aid of a 

separation funnel. Residual liquid is 

filtered and filtrate conjured is 

respectively evaporated and condensed-

water bath. Fractional determination is 

done to identify the ferrate ions present 

for generation of  MRN-100; delivered 

by ACM Co Ltd, Japan. 
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2. Schedule of Radiation  

A particular radiation schedule was 

followed; γ-radiation at a primed value 

of 4-MCi 137 Cs at Department of 

Radiotherapy, Mansoura University 

Hospital, Egypt. Dose of 15 Gy given 

once at a distance of 27cm and subsidial 

tie of exposure rate- 200 round/min. 

throughout the course or radiation, each set was 

preserved in glass vessels “small and 

oblong-shaped” containing 2 litres of tap 

water (aged). after radiation, fish were 

transferred Immediately into 200-L large 

tanks, and ten percent of the water have 

been changed once a day till the 

experiment end. Freshly prepared 

solution of MRN-100 has been used 

daily. Fish Survival was observed and 

checked  two times per day at night and 

morning for 4 weeks after radiation [3]. 

3. Oreochromis niloticus 

The ichthyes ( ~50 ± 15 g body 

weight, 6–8 weeks old, length ~16.5 ± 

10 cm) have been purchased from tilapia 

fish farm (Kafr El-Sheikh; Egypt) and 

accomodated for 7 days prior to 

experiment. The fish were set in tanks 

(fifty four fish for each tank). Each one 

contained 2 hundred liters of tap water 

(aged and dechlorinated). The fish 

number for each litre hired in the present 

study was within the vicinity of another 

published study [2]. Throughout the 

experimental period, the fish were 

outdoors kept. In all aquaria, the water 

was aerated constantly in a continuous 

manner. The temperatures were kept at ~ 

22 ± 2ºC. Standard laboratory floating 

pellets were the fish diet twice a day (at 

eight AM and one PM). The different 

parameters of the water stayed fixed via 

the whole experiment; dissolved oxygen 

(6–8 mg/l), CO2 (10 mg/l), pH (7.3–

8.6), NH3 (0.02 mg/l), hardness (180 

mg/l), alkalinity (150 mg/l), NO2 (0.01 

mg/l) and NO3 (0.4 mg/l). 

4. Experimental Protocol 

A total of two hundred sixteen, Nile 

tilapia were indiscriminately classified to 

4 sets (G1–G4) of fifty four fish for each 

set. Forty seven fish of these were hired 

for recording daily survival post-

exposure to radiation from each group. 

One week after, five to seven fishes from 

each group have been utilized for 

required studies. On the last day of the 

present study “at four weeks” 5-7 fish 

from each set were used for follow-up 

studies. G1 acts as control (neither 

radiation nor MRN-100 administration); 
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G2 was exposed to whole-body γ-

radiation only; G3 and G4 were treated 

with doses of one ml and three ml of 

MRN-100 per litre of water, 

respectively, for 1 week, and hence 

subjected to radiation, while continuing 

to receive MRN-100 (Table. 1). The 

effect of MRN-100 and radiation on the 

survival rate of fish was noticed by 

recording the dead fish among the 4 

groups daily.  Biochemical analysis was 

carried out on the survived fish at one 

and four weeks post-exposure to γ-

radiation. MRN-100 Delivery: Fish at 

groups 3 and 4 will receive MRN-100 

mixed with water (freshly prepared). 

 

 

              Table 1: Experimental Design for γ-radiation 1.5 k Rad and its Counteract Using MRN-100 in Tilapia             

 

5. Sample collection 

5.1. Serum Analysis 

7 fishes per group were collected at 

one and four weeks’ post-irradiation and 

patronized with a mix of clove oil and 

alcohol for 3 minutes. Fishes were put 

on a clean towel, then 2 ml blood was 

withdrawn using a sterilized syringe 

from the caudal vein. Two ml blood for 

each fish was left for coagulation, 

followed by centrifugation for collection 

the sera. Serum measurements, including 

the ratio of Aspartate amino transferase 

(AST or SGOT), Alkaline phosphatase 

Experimental Design 

 Week 4 post  γ-radiat ion 

Exp osure 
 

 Week 1 post  γ-radiation 

Exp osure 
 

  γ-radiat ion 

Exp osure 
 

Feed MRN-100 

p rior t o  γ-
radiat ion  

 
Number 

of  
fish/group  

 

 

 

Groups 

1- Record final survival 

 2-kill remainder alive for  

the required studies 

1-Record death of fish 

2- 10 live fish use for  the 

required studies. 

No  γ-radiation 

 

No  MRN-100 60 G-1 

1- Record final survival 

 2-kill remainder alive for   

   the required studies. 

1-Record death of fish 

 2- 10 live fish use for the  

      required studies. 

γ-radiation 

only 

No  MRN-100 60 G-2 

1- Record final survival 

2-kill remainder alive for  

    the required studies. 

1-Record death of fish 

2- 10 live fish use for  the 

required studies. 

γ-radiation 

+ MRN-100 

Add 1 ml MRN-

100 

60 G-3 

1- Record final survival 

2-kill remainder alive for  

    the required studies. 

1-Record death of fish 

2- 10 live fish use for  the 

required studies. 

γ-radiation 

+ MRN-100 

Add 3 ml MRN-

100 

60 G-4 
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(ALP), Albumin, Total bilirubin, Total 

protein, Creatinine, Urea, Glucose, 

Calcium, Magnesium, Total lipids, 

Cholesterol, Glucose-6-phoshatase, 

Cholinesterase and lactate 

dehydrogenase (LDH) in accordance 

with the protocol provided by the kit’s 

manufacturer of  SGMitalia Company 

U.S.A. 

5.2. Lipid Peroxidation Analysis 

The method of Ohkawa et al. (1979) 

was followed for measured lipid 

peroxidation. Ten (w/v) tissue 

homogenate from muscular tissue has 

been used (this homogenate has 1% v/v 

dimethyl sulfoxide for preventing further 

oxidation). 0.2 ml aliquots of tissue 

homogenate were added to 0.2 ml 

sodium dodecyl sulfate soln (8.1% w/v) 

and 1.5 ml acetic acid solution (20% 

v/v). The mix was made up to 4.0 ml 

with distilled water and heated to 95 ºC 

for one hour. Then the samples were 

cooled, centrifuged at 2000 rpm for ten 

min, and measured at 532 nm using 

spectrophotometer (Ultrospec 3100 pro, 

Biochrom Ltd). The results were 

expressed as nmol malondialdehyde 

formation per gram tissue. 

6. Statistical Analysis 

The results were reported as mean ± 

SEM*. The statistical analysis was 

conducted using Shapiro-Wilk test for 

assessment of the normality of data, one 

way ANOVA* with LSD* Post Hoc test, 

T student test and the Pearson 

correlation coefficient. Values were 

considered significant at P < 0.05. The 

software SPSS, version 18 was used.  

 

 

RESULTS  

There was quantitative analysis and 

inferential study of two statuses: 

Presence of MRN-100 and absence of 

MRN-100. Deductive significance was 

based on the parametric aspects of: 

Albumin, total protein, bilirubin, Urea, 

Lipid, Glucose and other biochemical 

aspects as well as lipid peroxidation 

quantitative detection in muscular tissue 

of O. niloticus. The results were reported 

as mean ± SEM*. The statistical analysis 

was conducted by using Shapiro-Wilk 

test for assessment of the normality of 

data, one way ANOVA* with LSD* 

Post Hoc test, T student test and the 
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Pearson correlation coefficient. Values 

were considered significant at P < 0.05. 

The software SPSS, version 18 was 

used. * SEM (Standard Error of Mean); 

ANOVA (analysis of variance); LSD 

(Least Significant Difference).  The 

values’ significance was based at 

P<0.05.  

Findings projected that there was 

relevantly stable disparities after 1 week 

of radiation exposure. G3 and G4 

showed primal differences between first 

and fourth week. 

From the comparative deduction 

analysis done, it is noted that albumin is 

higher in week 4 than in week 1; this is 

as per the data with the control group 

having 5.08 (week 4) and 4.96 (week 1). 

However, a record drop is registered in 

G2 (γ-radiation only) from 3.27-2.94 as 

well as in G3 (1ml MRN 100+ γ-

radiation) and G4 (3ml MRN100+ γ-

radiation) respectively but not as much 

as in G2). The protein amount recorded 

in week 4 is relatively higher than in 

week 1 as per analyzed data in week 4 

and week 1. Groups 3 and 4 showed 

increase in protein level thereby 

indicating that there was no influence 

from radiation effects hence normalcy 

while G2 showed diminish in protein 

level. 

Control magnesium levels in the first 

period of the current experiment showed 

significant difference (P<0.05) with 

gamma radiation group. However, in the 

second one, there is significant effect 

between control vs γ-radiation P < 0.01, 

1 ml MRN-100 (P < 0.05) as well as 3 

ml MRN-100 (P < 0.05). Moreover, 

lactate dehydrogenase (LDH) deduced 

significance effect (P < 0.01) between 

Control against γ-radiation (P < 0.05), γ-

radiation group versus 3 ml of MRN-100 

group as well as between 1 ml MRN-100 

group versus 3 ml MRN-100 (G4) (P < 

0.05). 

 Analysis was also made on the 

levels of Creatinine, Urea and Glucose 

with regards to exposure time and 

experimental parameters of each group 

(G1-G4).  The results deduced that levels 

of Creatinine, Urea and Glucose dropped 

in G1, G3 & G4 but elevated in G2. This 

indicated that there was ionizing 

radiation effect in G2 while G3 and G4 

were protected by the protective MRN 

100 addition against γ-radiation. There 

was similar analysis made in the other 

period.  
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The total lipid level in the serum O. 

niloticus of Control group (G1) denoting 

normalcy in two periods, G2 showing 

drop in levels for all parameters while 

G3 and G4 exhibited protective effects 

of MRN-100 to record close state to 

normalcy. 

The normal lipid peroxidation level of 

O. niloticus for both intervals is given in 

Tables 2 and 3. The fundamental impact 

of γ-radiation was increased significantly 

in both intervals. The essential impact of 

MRN-100 in the two periods was highly 

significant. Dietary supplementation 

with MRN-100 improved its value in 

comparison with control. lipid 

peroxidation in muscular tissue showed 

significant effect for the 4th week period 

between G1 vs radiated fishes while no 

significant difference found in all groups 

(G1-G4) in the first period. Clarification 

of the values is showed in tables 2 and 3.  

The levels of AST and ALP of O. 

niloticus in the first period (Table 2) 

reflected no mentioned significant 

difference between groups (G1-G4). 

However, elevation in their values was 

found in gamma radiation exposed group 

and drop occurred in G3 and G4. 

Comparatively, in the second part (Table 

3), AST and ALP levels denoting 

significant increase of AST between 

control and G2 (P < 0.05) and the same 

for ALP between control and gamma 

radiation group (P < 0.01), as well as 

gamma radiation group versus 3 ml of 

MRN-100 (P < 0.01), 
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Table 1.  The Data of biochemical components in O. niloticus vs. γ-radiation-Induction 
and MRN-100 effect on radioprotective ability (first week post radiation). 

 
        
The data expressed as Mean ± SEM with (Min  – Max). Different letters signalize  significance at P < 0.05; a  

significant vs control (1weeks), b significant vs γ-radiation only (1 weeks), c significant vs  1 ml  of MRN-

100 (1 weeks), d significant vs 3 ml of MRN-100  (1 weeks).  

Total b ilirubin: γ-radiation with MRN-100 (3 ml) P < 0.05; Creatin ine: Control with γ-radiation P < 0.05; 

Magnesium: control with γ-rad iation P < 0.05; LDH: Control with γ-rad iation P < 0.05; γ-radiation with 
MRN-100 (3 ml) P < 0.01; MRN-100 (1 ml) with MRN-100 (3 ml) P < 0.05. 

  
 

 

 

 

GROUP  EXPERIMENTAL GROUP  (for 1 week) 

Contro l G2 (γ-rad iat ion ) 1 ml  o f MRN-100 3 ml o f MRN-100 

Albumin (g/dl) 
4.96 ±0.72 

3.8 - 6.29 

3.27±0.42 

2.8 - 4.1 

3.57±0.84 

2.4 - 5.2 

3.95±0.1 

3.8 – 4.14 

Total protein 

(g/dl) 

4.59±0.56 

3.92 – 5.7 

4.71±0.46 

3.4 – 4.92 

4.18±0.31 

3.82 – 4.8 

4.68±0.53 

3.99 – 5.8 

Total bilirubin 

(µmol/L) 

0.36±0.04 

0.32 – 0.44 

0.44±0.03 d 

0.38 – 0.48 

0.37±0.01 

0.36 – 0.39 

0.34±0.01 b 

0.32 – 0.36 

AST (U/L) 
100.2±1.22 

98.2 – 102.2 

110.73±5.99 

102 – 122.2 

102.73±1.71 

100.2 – 106 

102.27±1.19 

100 – 104 

ALP (U/L) 
20.43±1 

19.1 – 22.4 

27.33±3 

21.8 – 32.1 

25.66±2.89 

21.4 – 31.18 

21.49±0.79 

20.18 – 22.9 

Creatinine (g/dl) 
0.15±0.01 b 

0.14 – 0.17 

0.25±0.05 a 

0.19 – 0.35 

0.19±0.02 

0.16 – 0.22 

0.18±0.01 

0.17 – 0.19 

Urea (mmol/l) 
0.6±0.06 

0.52 – 0.72 

0.73±0.08 

0.63 – 0.89 

0.63±0.02 

0.59 – 0.66 

0.61±0.02 

0.58 – 0.64 

Glucose (mg/dl) 
66±9.69 

47.2 – 79.5 
77.27±7.24 
62.8 – 84.8 

70.7±3 
65.4 – 75.8 

69.47±5.65 
58.2 – 75.8 

Calcium 

(mmol/l) 

4.36±0.32 

3.9 – 4.97 

3.77±0.38 

3.2 – 4.5 

4.17±0.43 

3.4 – 4.9 

4.27±0.3 

3.8 – 4.82 

Magnesium 

(mmol/l) 

1.29±0.06 b 

1.19 – 1.4 

1.03±0.12 a 

0.8 – 1.2 

1.16±0.02 

1.12 – 1.2 

1.17±0.03 

1.14 – 1.22 

Total lipids (g/l) 
18.22±6.46 

11.39 – 31.12 

24.49±7.63 

12.4 – 38.6 

16.26±3.34 

11.8 – 22.8 

11.74±0.31 

11.14 – 12.2 

Cholesterol 
(mg/dl) 

208.17±18.64 
184.8 – 245 

224.13±14.8 
199.2 – 250.4 

204.93±8.95 
192.8 – 222.4 

190.33±2.79 
186.6 – 195.8 

G6PHDH (g/dl) 
56.49±6.46 

48.1 – 69.18 

62.1±8.48 

52.4 – 78.99 

58.33±5.65 

50.8 – 69.4 

54.1±5.72 

44.9 – 64.6 

LDH (U/l) 
1210±9.19 b 

1192 – 1220 

1354±37.78 ad 

1281 – 1400 

1325±23.36 d 

1340 – 1420 

1254±32.89 bc 

1218 – 1320 

Cholinesterase 

(U/l) 

46093±6303 

35420 – 57240 

40840±8355 

31400 - 57500 

44155±6746 

34210 – 57023 

47838±5300 

40200 – 58023 

Lipid 
peroxidation 

(nm/mg tissue) 

11.85±0.36 
11.24 – 12.48 

15.07±1.7 
12.4 – 18.22 

13.17±0.86 
11.86 – 14.8 

12.97±0.83 
11.9 – 14.6 
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Table 2. The data of biochemical components in O. niloticus vs. γ-radiation-Induction 
and MRN-100 effect on radioprotective ability (4th week post radiation). 
 

       
  

GROUP  
EXPERIMENTAL GROUP  (for 4 weeks) 

Contro l G2 (γ-rad iat ion ) 1 ml  o f MRN-100 3 ml o f MRN-100 

Albumin (g/dl) 5.08±0.4 bc 
4.31 – 5.66 

2.94±0.38 a 
2.52 – 3.69 

3.51±0.76 a 
2.16 – 4.68 

3.95±0.09 
3.42 – 3.73 

Total protein 

(g/dl) 

5.6±0.6 

4.47 – 6.5 

4.04±0.21 

4.45 – 5.13 

4.52±0.51 

3.81 – 5.51 

5 ±0.35 

4.28 – 5.38 

Total bilirubin 

(µmol/L) 

0.37±0.01 b 

0.35 – 0.4 

0.49±0.03 acd 

0.43 – 0.54 

0.41±0.01b 

0.4 – 0.44 

0.38±0.01b 

0.36 – 0.4 

AST (U/L) 104.53±6.38 b 

92.16 – 113.4 

124.02±6.71 a 

114.24 – 136.86 

115.06±1.92 

112.22 – 118.72 

114.54±1.33 

112 – 116.48 

ALP (U/L) 18.39±0.9 b 
17.19 – 20.16 

28.17±1.82 ad 
24.72 – 30.91 

23.09±2.6 
19.26 – 28.06 

19.34±0.71 b 
18.16 – 20.61 

Creatinine (g/dl) 0.16±0.02 b 

0.13 – 0.19 

0.28±0.06 a 

0.21 – 0.39 

0.21±0.02 

0.18 – 0.25 

0.2±0.01 

0.19 – 0.21 

Urea (mmol/l) 0.63±0.09 

0.5 – 0.79 

0.81±0.09 

0.71 – 1.0 

0.71±0.02 

0.66 – 0.74 

0.69±0.02 

0.65 – 0.72 

Glucose (mg/dl) 70.26±14.02 

42.48 – 87.45 

86.54±8.1 

70.34 – 94.98 

79.18±3.36 

73.25 – 84.9 

77.8±6.33 

65.18 – 84.9 

Calcium 
(mmol/l) 

4.59±0.61 
3.51 – 5.64 

3.39±0.35 
2.88 – 4.05 

3.75±0.39 
3.06 – 4.41 

3.84±0.27 
3.42 – 4.34 

Magnesium 

(mmol/l) 

1.35±0.11 bcd 

1.15 – 1.54 

0.93±0.11 a 

0.72 – 1.08 

1.05±0.02 a 

1.01 – 1.08 

1.05±0.02 a 

1.03 – 1.1 

Total lipids (g/l) 19.36±7.46 

10.93 – 34.23 

27.43±8.55 

13.89 – 43.23 

18.21±3.74 

13.22 – 25.54 

13.15±0.35 

12.48 – 13.66 

Cholesterol 

(mg/dl) 

214.86±5.79 b 

203.28 – 220.79 

251.03±16.57 ad 

223.1 – 280.45 

229.53±10.03 

215.94 – 249.09 

213.17±3.13 b 

208.99 – 219.3 

G6PHDH (g/dl) 59.2±8.73 

46.96 – 76.1 

69.55±9.5 

58.69 – 88.47 

65.33±6.33 

56.9 – 77.73 

60.59±6.41 

50.29 – 72.35 

LDH (U/l) 1089±8.27 bd 

1073 – 1098 

1388±126 a 

1153 – 1588 

1245±21.03 

1206 – 1278 

1129±29.6 a 

1097 – 1188 

Cholinesterase 

(U/l) 

53578±5937 

45024 – 64986 

46936±9811 

30789 – 64664 

45741±9357 

35168 – 64400 

51625±7060 

39670 – 64109 

Lipid 

peroxidation 

(nm/mg tissue) 

12.34±0.63 b 

11.23 – 13.42 

16.88±1.9 a 

13.89 – 20.41 

14.75±0.97 

13.28 – 16.58 

14.52±0.93 

13.33 – 16.35 

 

 
Data expressed as Mean ± SEM with (Min – Max). Different letters indicate significance at P < 0.05; a significant vs 

control (4 weeks), b significant vs γ-radiation only (4 weeks), c significant vs  1 ml  of MRN-100 (4 weeks), d 

significant vs 3 ml of MRN-100  (4 weeks). 

Albumin: Control with γ-radiation P < 0. 0.05; control with 1 ml MRN-100 P < 0.05; Bilirubin: Control with γ-radiation 

P < 0.01; γ-radiation with 1 ml MRN-100 P < 0.01; γ-radiation with 3 ml MRN-100 P < 0.05; AST: Control with γ-
radiation P < 0.05; ALP: Control with γ-radiation P < 0.01; control with 1 ml MRN-100 P < 0.01; Creatinine: Control 

with γ-radiation P < 0.05; Magnesium: γ-radiation with with 3 ml MRN-100 P < 0.01; control with 1 ml MRN-100 P < 

0.05; control with 3 ml MRN-100 P < 0.05; Cholesterol: Control with γ-radiation P < 0.05; γ-radiation with 3 ml MRN-

100 P < 0.05; LDH: Control with γ-radiation P < 0.05; control with 3 ml MRN-100  P < 0.05; Lipid peroxidation: 

Control with γ-radiation P < 0.05. 
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DISCUSSION 

Liver is the largest vital organ in our 

body. Any disturbance in function of the 

liver which can causes illness is termed 

as liver disease. It is also called hepatic 

disease. It is major leading cause of 

morbidity and mortality worldwide. 

Liver function tests (used for the 

evaluation of liver function) include 

measurement of serum aspartate and 

alanine transaminases, serum bilirubin, 

serum albumin, serum protein and 

alkaline phosphatase. The current 

outcome has obviously showed the 

capability of Gamma radiation stressor 

for inducing oxidative stress in fish liver. 

The activity of Alanine 

Aminotransferase (ALT) and Aspartate 

Aminotransferase (AST) enzymes were 

demonstrated to rise in response to 

gamma radiation. The same was found 

by many authors on nonylphenols [11] 

and heavy metals [1]. The response was 

dose-dependent. [12] Working on the 

same species reported that AST and 

ALT elevated with elevation in NP doses 

till 0.5 and 0.75 mg/L then declined with 

1 mg/L. Increase in the levels of AST 

and ALT has been demonstrated to 

reflect liver injury [11]. Elevation of 

alkaline phosphatase activity in serum 

may result from pathological or 

physiological enzyme production and 

release from non-liver tissue sources.  

Albumin level is higher in the control 

group (G1) in week four as the rest of 

the other parameters studied due to the 

fact that there is no ionizing radiation 

effect rendered on the fish samples in 

G1. However, G2 shows decline in all 

parameters due to the gamma radiation 

induced in all the fish samples in G2. As 

a result there is hematopoietic tissue 

damage as well as cell damage; these 

cause organs such as liver, kidney and 

gills to be distorted and hence function 

abnormally. G3 and G4 exhibit states of 

normalcy close to that in G1. 

Concentration of albumin probably 

dropped for causes related to failure of 

liver synthesis [14]. 

bilirubin in the blood of high level is 

bad indicator. A small amount of older 

red blood cells are replaced by new 

blood cells every day. Bilirubin is left 

after these older blood cells are removed. 

The liver helps break down bilirubin so 

that it can be removed from the body in 
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the stool. A high level of bilirubin in the 

blood can lead to jaundice. Serum 

bilirubin may be raised because of 

increased erythrocyte breakdown rather 

than because of failure of hepatic 

clearance [15]. 

 

Creatinine is a waste molecule which 

is produced from the metabolism of the 

muscle . Creatinine is a chemical waste 

product of creatine. Creatine is a 

chemical made by the body and is used 

to supply energy mainly to muscles. 

Creatinine is created from creatine which 

is a molecule of main significance 

required for production of energy in 

muscles. Approximately 2 percent of the 

creatine in our body is transformed to 

creatinine each day. Creatinine is carried 

to the kidneys throughout the 

bloodstream. The kidneys filtrate most 

of the creatinine and get rid of it in the 

urine. The production of creatinine 

remains normally basically without 

daily, for the reason that the mass of 

muscle in the body is constant. The 

kidneys keep the creatinine of the blood 

within ordinary range. As the kidneys 

become impaired for any reason, the 

level of the creatinine in the blood will 

elevate for poor creatinine clearance by 

means of the kidneys. Elevated abnormal 

levels of creatinine warning of failure of 

the kidneys of possible malfunction. For 

this reason, standard blood tests 

routinely examine the quantity of 

creatinine in the blood. Hadi et al. (2009) 

reported that the increase of creatinine 

level might be induced by glomerular 

insufficiency, increased muscle tissue 

catabolism or the impairment of 

carbohydrates metabolism [16]. 

Cholinesterase is a family of enzymes 

that catalyse the hydrolysis of the 

neurotransmitter acetyl choline into 

choline and acetic acid. The two types of 

cholinesterase found in the human blood 

are acetyl cholinesterase “true” 

cholinesterase in red cells and butyryl 

cholinesterase “non-specific, pseudo 

cholinesterase” in serum. Cholinesterase 

is synthesized mainly in hepatocytes and 

released into the blood. Serum activity is 

reduced in liver dysfunction due to 

reduced synthesis. The predominant 

hepatic source of serum cholinesterase, 

the marked decrease in its synthesis with 

hepatocyte dysfunction and restoration 

of synthesis with hepatocyte recovery 

suggests that serum cholinesterase 
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activity might be a more specific 

indicator of liver dysfunction than the 

traditional liver function tests [17]. 

In the current research study, 

hypoproteinemia, decrease in total 

protein level in the serum was listed in 

gamma radiated groups. The same was 

recorded by [18]; [19]; [20]; [21]; [22]; 

[23]; [24] following exposure to various 

doses of heavy metals and pesticides. 

Such hypoproteinemia may be as a result 

of the direct impact and effect of the 

exploitation of protein in the body as an 

energy supply to meet the increase in 

physiological demands to overcome the 

stress present in the polluted media [28]. 

Also, there are several pathological 

processes that may be the reason for 

hypoproteinemia like renal dysfunction 

and elimination in the urine, plasma 

dissolution, liver protein synthesis 

decrese, hepatic blood flow alteration 

and hemorrhage into the intestine and 

peritoneal cavity [29]. [30] noticed an 

elevation in the level of stressed total 

protein in male rat administrated juice of 

tomato supplemented diets. [31] 

observed an enhancement in total level 

of protein following Diazinon induction 

and also Nitrate induction stress in male 

rats administrated  vitamin E as 

supplemented diets. 

There is a significant decrease in 

serum protein observed in gamma 

radiated fishes and this may be due to 

the stress which may reduce protein 

content in tissues. This is supported by 

[32] that proteins are mainly involved in 

the architecture of the cell. During 

chronic period of stress, they are also a 

source of energy. During stress 

condition, fish need more energy to 

detoxify the toxicant and to overcome 

stress. Since fish have fewer amount of 

carbohydrate, the next alternative source 

of energy is protein to meet the increased 

energy demand. The depletion of protein 

may have been due to their degradation 

and possible utilization of degraded 

products for metabolic purposes. [33] 

also observed that protein content drop 

as noticed in most of fish tissues may be 

as a result of orientating the free amino 

acids in particular for the protein 

synthesis, or for the osmo and ionic 

regulation maintenance.  

Cholesterol was found to elevate 

considerably in γ-radiated fishes and 

declined in G3 and G4 which may be 

due to utilization of stored and 
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circulatory cholesterol and other lipid 

fractions in the treated fish to counteract 

toxic effects produced. This result 

conforms closely with [34] who 

observed increase level of cholesterol in 

Channa punctatus exposed to phorate. 

[35] And [36] also observed the same 

trend in Notopterus notopterus during 

stress. Elevation of Concentration of 

blood cholesterol is considered an 

important index of liver function impairment 

due to lipid homeostasis which is one of 

the main function of the liver. Several 

research studies are in concern with such 

measured parameters to estimate the 

stress degree in fishes and the nature 

[37]; [38] and [39] .  

Ions are essential  for any living 

organism as they are involved in most of 

biological processes like muscle 

contraction, respiration, nerve impulses 

transmission, absorption, acid-base 

balance, osmoregulation and execration 

in fish. A lot of research studies paid an 

interest toward the harmful effects of 

several types of stress on biological 

processes considered in fishes. In present 

work, some ions decreased significantly 

 (Mg2+& Ca2+) under stress on O. 

niloticus. Hypomagnesemia, 

an electrolyte disturbance in which there 

is a low level of magnesium in the blood 

and Hypocalcemia, low level of calcium 

in the Blood were identified and detected 

in O. niloticus exposed to gamma 

radiation for both periods. Kidney 

dysfunction (a common cause), which 

results in more calcium excreted in urine 

and makes the kidneys less able to 

activate vitamin D. Causes also 

increased urinary loss, and poor 

absorption from the intestines [2].  

The blood glucose, G6PDH, LDH are 

considered as important bioindicators of 

tension occurred in the well known fish, 

C. gariepinus [12]. In the current study, 

gamma radiation induced hyperglycemia 

(glucose level elevation) in O. niloticus. 

The same observations were recorded by 

[19] and [20] following to exposure to 

several various doses of pesticides. The 

origin of such hyperglycemia is likely to 

be as a result of liver glycogenolysis, 

resulting from the elevation in  plasma 

catecholamines and corticosteroid 

hormones as well as amino acids via 

gluconeogenesis process activation. 

Basically, the same results were noticed 

by[20] for O. niloticus tested by 

cadmium. Also, [40] reported a reduction 
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in the level of blood glucose following to 

stress in Hippoglossus hippoglossus fed 

supplemented diets with vitamin E. 

Glucose increase is a general response of 

fish to acute and sub-lethal pollutant 

effects. Elevation in the levels of serum 

glucose in stressed fish was illustrated 

by [41]; [42] and [43]. This can be 

regarding to variety of agents. The 

diminution in the specific activity for 

some enzymes as lactate dehydrogenase, 

phosphofructokinase and citrate kinase 

that decrease the capacity of glycolysis 

is one of these agents. 

Seriously, LDH seems to be 

associated with cellular metabolic 

activity. As a result, its suppression that 

may be as a result of plasma membrane 

damage or ion imbalance [44] and also 

may be due to the formation of complex 

called enzyme inhibitor complex [45]. 

[46] mentioned that LDH elevated in 

accordance to NP increase to higher 

value (159.09±2.84) at NP of 0.5 mg/l 

then depleted to 52.18± 0.95 at NP of 1 

mg/l. [47] stated that the increase in the 

activities of G6PDH safeguard versus 

increased values of reactive oxygen 

species in cells subjected to stress via the 

increased production of NADH.  

In the present study, increase in the 

level of total lipids in sera was on record 

in gamma radiated tested O. niloticus. 

The same research findings were noticed 

by [19]; [48] and [49] after exposure to 

various doses of heavy metals and 

pesticides. That increase in the level of 

total lipids may resulted from the 

decrease in secretion of catecholamines 

and corticosteroids with increased 

metabolic rate and in turn increased 

metabolic reserves [50]. Hydroferrates 

were found to be valid in counteracting 

stress-induced changes in total lipid level 

in the present work.  

The rise in lipid peroxidation level in 

muscular tissue means a modification in 

the physical characteristics of cell 

membrane [51] since lipid peroxidation 

leads to hydrolysis of phospholipids into 

hydroperoxy fatty acids [52]. The 

gamma radiation induced oxidative 

stress in tissues by increasing lipid 

peroxidation and by altering the 

antioxidant status was postulated by 

many authors [53] and [54]. In the 

present study, the level of lipid 

peroxidation was dropped in muscular 

tissue of gamma radiated exposed fishes 

fed diets supplemented with MRN-100.  
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lipid peroxidation is analyzed with 

core relationship between the antioxidant 

proxy ability of MRN-100 in sets (G3- 

G4) and absence in G2 and G1. It is 

noted that there is a proliferation in the 

amount of lipid produced due to 

peroxidation in the muscles that results 

from the influx production of Glucose 

and sugar that are subsequently stored as 

lipids/fats. Group 2 recorded the highest 

peroxidation quotient based on the 

gamma radiation full influence without 

MRN-100 Protection. G3 and G4 show 

restricted lipid peroxidation that can be 

accounted for due to MRN-100 

antioxidant proxy ability. Antioxidants 

such as vitamin C and vitamin E 

decreases in tissues as a result of 

increase in lipid peroxidation. In a 

similar way, lipid peroxidation elevated 

and drop in  vitamin C and E in tissues 

under hypoxic stress occurred. 

Considerable interest toward oxygen 

has been paid, as low concentrations of 

ambient oxygen are well-known to have 

an effect on food consumption, growth, 

and the physiological state of fish [27]. 

All aerobic individuals rely on presence 

of oxygen in the surrounding 

environment that use it for production 

and generation of energy through 

oxidative phosphorylation [27]. The 

generation of different oxygen 

metabolism by-products, known as 

reactive oxygen species (ROS) “is the 

other side of the coin”. They involve 

hydrogen peroxide (H2O2), superoxide 

anion (O2-), hydroxyl radical (-OH) and 

others. If defenses for the antioxidant are 

efficient in detoxify ROS, then 

no  deleterious resulted outcome will 

occurred in tissues [26]. However, if 

there is severity for ROS attack, 

afterward antioxidant defense systems 

may be overwhelmed, resulting in 

antioxidant enzymes inhibition and 

oxidative damage to protein, lipid, DNA 

as well as other important key 

molecules. Reactive oxygen species 

“ROS” are produced via ordinary 

physiologic processes that are extremely 

important to normal cellular function. 

Some vitamins possess an antioxidant 

activity which keep the cells from the 

harm resulted from the free radicals and 

by preventing the formation of free 

radical that play an essential role in the 

antioxidant defense. Moreover, Stress 

has the ability to generate the free 

radicals, like HO and O2−. [26] reported 
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that these free radicals can destroy cell 

membranes through encouraging lipid 

peroxidation of polyunsaturated fatty 

acids present in cell membrane.  

Accountably, there are three 

fundamental alterations that prelude the 

induction by ionizing radiation: (1) lipid 

peroxidation (2) protein modification (3) 

tissue damage resulting to cell death.  It 

is therefore inferential as to why data in 

week 1 differs substantially to that in 

week 4 (Table 2 and 3). As such, there is 

valid evidence from the depreciation and 

appreciations in the total protein, total 

lipids, albumin and other mentioned 

experimental parameters due to 

modification caused by radiation. On the 

other hand, the parameters value ratios 

as seen in the results where (albumin, 

protein, glucose etc.) total count in week 

1 accounts drop in comparing to week 4. 

However, parametric disparity levels 

exists in the groups whereby G1 (control 

group) showed normalcy during the 

tenure of exposure; G2 (exposed to γ-

radiation) showed the greatest disparity 

of degradation and damage since it lacks 

any agent to protect or counteract the 

effects of exposure. G3 and G4 showed 

limited differences after and during 

exposure due the reversion of MRN-100 

that acts as a radioprotective agent. 

Therefore, albumin, protein, glucose 

lipid and other parametric levels 

gradually increase from week 2 to week 

4.  This can be validated by the radio 

protective element of MRN-100 on 

gamma radiation. Their level is higher in 

the control group (G1) in week four as 

the rest of the other parameters studied 

due to the fact that there is no ionizing 

radiation effect rendered on the fish 

samples in G1. However, G2 shows 

decline in all parameters due to the 

gamma radiation induced in all the fish 

samples in G2. As a result there is 

hematopoietic tissue damage as well as 

cell damage; these cause organs such as 

liver, kidney and gills to be distorted and 

hence function abnormally. G3 and G4 

exhibit states of normalcy close to that in 

G1. Therefore, albumin, protein, glucose 

lipid and other parametric levels 

gradually increase from week 2 to week 

4. This can be validated by the radio 

protective element of MRN-100 on 

gamma radiation.  

Factually, it can be advanced that 

MRN-100 act as “a radioprotective 

agent” in two different ways: (1) 
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Hematopoietic tissue protector (2) viable 

antioxidant proxy. Further relevance is 

based on the examination that shows that 

fish induced with MRN-100 prior to 

irradiation exhibited limited lesion and 

tissue damage as validated by the results 

[13]. Effectively, deduction is made 

from the results in first week after 

radiation exposure and week 4. 

Based on the inferential analysis of 

the experiment conducted, it can be 

validated that MRN-100 is viably a 

radioprotective agent that can be used to 

reduce and control the adverse effects of 

ionization radiation. There are broad 

arrays of effects that are in-vitro based in 

terms of exposure to ionizing radiation 

with regards to living things. The 

scientific name given to the series of 

adverse effects resultant from exposure 

to ionizing radiation is called acute 

radiation syndrome. The principle of 

action of the ionizing radiation is that it 

promotes the oxidative induction of 

stress that proliferates the production of 

ROS. Subsequently, there is an 

imbalance created between pro-oxidant 

and antioxidant aspects of the body [25]. 

ROS is deduced to play a primal role in 

tissue attenuation and damage; it does so 

on the basis of inducing lipid 

peroxidation and hence that’s why there 

is reported biochemical imbalances in 

subjects exposed to ionizing radiation 

(As can be related to the findings in the 

current experiment).   

In conclusion, it is in order to validate 

the hypothesis construed in this 

experiment that purported that MRN-100 

offered potent radioprotective 

characteristics on induced groups under 

exposure to γ-radiation. It is therefore 

essential to accept the hypothesis based 

on the results from the experiment 

conducted. The prospects that are ideally 

presented by the MRN-100 agent are 

formidable in alleviating adverse effects 

caused by ionizing radiation. It is 

therefore ideal to further bolster research 

on MRN-100 and thereby generate the 

best outcome possible; this is in light of 

suggested MRN-100 safety and its use in 

animals and human beings. On the basis 

of this research study, it is denoted that 

the MRN-100 agent is a secure reliable 

and toxic-free product that if used 

correctly can provide the best 

radioprotective effects. We can therefore 

conclude that MRN-100 viably serves as 

a radioprotective proxy via creating 
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candid protection versus mortality due to 

influencing radiation.    
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