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Abstract- Glycation is a reaction between amino group of blood proteins and reducing sugars in 
vitro conditions which are involved in a number of pathologies and disease states including 
Alzheimer’s and diabetes. Equal concentration of different inhibitor extracts (sweet potato, turnip 
and methi) and glucose were used. Eight combinations of each extract were made and all these 
were placed at 37oC for five weeks incubation. Human normal plasma was used as a protein 
source. Glycation was analyzed by Thiobarbituric acid (TBA) technique which results that 
aqueous and methanol extracts of sweet potato and turnip showed no inhibition of non-
enzymatic glycation but act as activator of reaction while aqueous extract of methi showed 
maximum inhibition of non-enzymatic glycation in 5th week of incubation and for methanol 
extract inhibition was maximum in 3rd week of incubation. In all extracts of three vegetables, 
extracts of methi were more effective against non-enzymatic glycation. These findings suggest 
that in future methi can be used for lowering glucose level in the body as it is efficient in lowering 
the glycation level in different conditions when level of glucose is high.    
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Comparative Analysis of Antiglycation Capacity 
of Aqueous and Methanolic Extracts of 

Vegetables 
Bilal Ahmed α, Muhammad Wasim Ashraf σ, Abdul Ghaffar ρ, Farah Latif Ѡ & Zahid Mahmood ¥ 

Abstract- Glycation is a reaction between amino group of 
blood proteins and reducing sugars in vitro conditions which 
are involved in a number of pathologies and disease states 
including Alzheimer’s and diabetes. Equal concentration of 
different inhibitor extracts (sweet potato, turnip and methi) and 
glucose were used. Eight combinations of each extract were 
made and all these were placed at 37oC for five weeks 
incubation. Human normal plasma was used as a protein 
source. Glycation was analyzed by Thiobarbituric acid (TBA) 
technique which results that aqueous and methanol extracts of 
sweet potato and turnip showed no inhibition of non-enzymatic 
glycation but act as activator of reaction while aqueous extract 
of methi showed maximum inhibition of non-enzymatic 
glycation in 5th week of incubation and for methanol extract 
inhibition was maximum in 3rd week of incubation. In all 
extracts of three vegetables, extracts of methi were more 
effective against non-enzymatic glycation. These findings 
suggest that in future methi can be used for lowering glucose 
level in the body as it is efficient in lowering the glycation level 
in different conditions when level of glucose is high. 

I. Introduction 

on-enzymatic glycation (glycosylation) is a 
multistage condensation reaction starting 
between reducing sugar and amino group 

(mainly in Lys and Arg) of different proteins (Stoynev et 
al., 2004) there are twofold meaning of non-enzymatic 
glycation: on one hand, early glycation product 
measurement which give estimation of glucose 
exposure and previous metabolic control of the subject; 
while on the other hand, intermediate and the late 
glycation reaction products measurement (Lapolla et al., 
2005) ending up with complex heterocyclic compound 
formation called advanced glycation end products 
(AGEs) (Stoynev et al., 2004) lead in progression of 
atherosclerosis, Alzheimer's (Stoppa et al., 2006) and 
particularly in diabetes mellitus which is a endocrine 
disorder (Forbes et al., 2004) characterized by 
hyperglycemia and many chronic complications 
affecting the blood vessels, eyes, skin, nerves, and 
kidneys (Ahmad and Ahmed, 2006). Non-enzymatic 
glycosylation (Glycation) process, also known as 
Maillard  reaction,  (Hatfield,  2007)  may   contribute   to  
 
 
Author α σ ρ Ѡ ¥: Department of Chemistry and Biochemistry, 
University of Agriculture, Faisalabad, Pakistan.  e-mail: bilalahmed814@gmail.com 

formation of discoloration, off-flavors and decreased 
nutritional value (Nursten, 2005).  

The intermediate appearance leads to the 
Amadori compound formation (an aldosylamine; aldose 
initial reaction with amino groups results in the formation 
of Schiff's base, which slowly rearrange itself for the 
production of 1-amino-1-deoxyketose, an aldosylamine) 
occurs in glycation early stages, however in late stage of 
glycation, irreversible formation of advanced glycation 
end products (AGEs) occur after a repeated reactions  
complex cascade as condensation, cyclization, 
dehydration, fragmentation and oxidation (Kikuchi et al., 
2003). A state hyperglycemia found in diabetes, where 
non-enzymatic glycation, lipid oxidation and oxidation of 
protein occur. As a result, accumulation of advanced 
glycation end product (AGEs) in diabetic subject’s 
tissues and the plasma. Accumulation of this AGE has 
been linked to pathogenic complication the develop- 
ment in diabetes (Lalla et al., 2001).  

II. Materials and Methods 

Research work was planned to find out the 
inhibition of glycation with natural inhibitor i.e. Sweet 
potato, turnip and methi. 

a) Selection of Conditions and concentrations 
To study the inhibitory effects on glycation or 

glycation inhibition invitro, eight combinations of each 
inhibitor were made with plasma and glucose, and were 
placed at 37ºC for five weeks (Zhang and Swaan, 1999). 
Plasma was used as a protein source. Samples were 
drawn after 1st, 2nd, 3rd, 4th and 5th week of incubation 
to perform the experiments for glycation and glycation 
inhibition. Along with temperature (37ºC) different 
concentrations of glucose and inhibitor were used. 

b) Estimation of Browning 
Browning was estimated by taking absorbance 

at 370nm using spectrophotometer. After every week 
one sample was drawn and took 0.1 ml from it. Rest of 
the sample was kept in refrigerator at -20ºC. In 0.1 ml of 
sample 4ml of distilled water was added and 4.1 ml 
volume was obtained. Then absorbance was taken at 
370nm by spectrophotometer. Blank samples will be run 
with each condition of glucose and inhibitor 
concentration. 
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c) Total proteins estimation (g/dL) 
Total proteins in all samples before and after 

dialysis were determined by Biuret method using Biuret 
reagent (Gornall et al., 1949). 1ml of Biuret reagent was 
added in blank, standard and all samples tubes. Placed 
the tubes at 37ºC for 15 minutes and reading was taken 
at 540nm. The standard curve was made with the half of 
absorbance of standard solution. 

III. Dialysis 

Glycated plasma samples were dialyzed 
against dist. H2O for twenty-four hours with constant 
stirring at room temperature to remove the free glucose 
by using dialyzing membrane. 

a) Measurement of Glycation level 
The glycation level was measured by TBA 

method (Furth, 1988). 

b) Thiobarbituric acid (TBA) colorimetric technique 
TBA technique (Furth, 1988) was used for the 

determination of both enzymatic and non-enzymatic 
glycation. The standard curve was made by using 
fructose standard solution. 

IV. Results and Discussion 

a) Estimation of Browning 
Combination of plasma with buffer and glucose 

showed maximum browning (0.233) at 1st

 

week of 

incubation while value of browning decreases to (0.196) 
at 2nd

 

week. In 3rd

 

week of incubation was at its minimum 
value (0.184). In the 4th

 

week it increases to (0.229) and 
in the 5th

 

week browning was (0.221). In the next 
combination of plasma with inhibitor sweet potato, 
glucose

 

and buffer gives maximum level of browning. 
Plasma with buffer and glucose combination showed 
browning (0.168) at 1st

 

week of incubation while value of 
browning moves to maximum which was (0.177) at 2nd

 
week. In 3rd

 

week, incubation was at its minimum value 
(0.148). In the 4th

 

week it increases to (0.158) and in the 
5th

 

week browning was (0.152). Combination of plasma 
with Turnip as inhibitor, glucose

 

and buffer in the next 
showed maximum browning in the 1st

 

week of 
incubation which was (0.582) then it move to its lowest 
value of combination which was (0.307) in the 2nd

 

week. 
In the 3rd

 

week it gets (0.368) then in the 4th

 

week it was 
(0.353) and it shows 2nd

 

highest value of browning in the 
5th

 

week which was (0.385). Combination of plasma with 
buffer and glucose showed maximum browning (0.286) 
at 1st

 

week of incubation while value of browning moves 
to minimum of its combination which was (0.253) at 2nd

 
week. In 3rd

 

week of incubation it starts increasing 
gradually which was (0.259). 

 

 
Figure 1: Determination of Browning by the Aqueous Extract of Sweet Potato (S P) at 37oC 

In the 4th
 week it gets (0.265) and in the 5th

 week 
of incubation browning was (0.276). In the next 
combination of plasma with Methi as inhibitor, glucose

 
and buffer showed browning in the 1st

 week of 
incubation which was (0.196) then it move to its 
maximum value of combination which was (0.225) in the 
2nd

 week. Combination of plasma with buffer and 
glucose showed browning (0.155) at 1st

 week of 
incubation while value of browning increases to (0.161) 
at 2nd

 week. In 3rd
 week of incubation browning moves to 

maximum of combination which was (0.191). In the next 

combination of plasma with Turnip as inhibitor, glucose

 
and buffer showed browning in the 1st

 
week of 

incubation (0.565) then the value of browning increases 
to (0.635) in the 2nd

 
week. In the 3rd

 
week it was lowest of 

combination (0.478) then in the 4th

 
week it showed 

highest browning of its combination (0.673) and value of 
browning in the 5th

 
week was (0.512).
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b) Thiobarbituric Acid Test
Incubation of plasma with glucose and buffer 

showed maximum glycation level at 1st week of 



  

 

decreased glycation level (.280 mole/mole) recorded in 
2nd

 

week. Combination of plasma, sweet potato as 
inhibitor, glucose and buffer showed highest value of 
glycation (.646 mole/mole) at 3rd

 

week of incubation 
which gradually decreases in coming two weeks. In 
case of glycation inhibition, inhibitor act as activator of 
glycation reaction as it showed minimum value (.394 
mole/mole) in 1st

 

week of incubation. Incubation of 
plasma with glucose and buffer showed maximum 

glycation level at 4th

 

week of combination which was 
(.274 mole/mole) while decreased in glycation level 
(.169 mole/mole) recorded in 1st

 

week. Combination of 
plasma, turnip as

 

inhibitor, glucose and buffer showed 
highest value of glycation (.908 mole/mole) at 3rd

 

week

 

of incubation which decreases in coming week. In case 
of glycation inhibition, inhibitor act as activator of 
glycation reaction as it showed minimum value (.572 
mole/mole) in 4th

 

week of incubation.

 

 
Figure 2 :

 
Determination of Browning by the Aqueous Extract of Methi (M) at 37oC

 
Incubation of plasma with glucose and buffer 

showed maximum glycation level at 5th

 
week of 

combination which was (.342 mole/mole) while 
decreased glycation level (.274 mole/mole) recorded in 
4th

 
week of incubation. Combination of plasma, methi as 

inhibitor, glucose and buffer showed highest value of 
glycation (.266 mole/mole) at 4th

 
week of incubation with 

a gradual increase from 1st

 
week.

 
V. Conclusion 

In case of non-enzymatic glycation, methanol 
extract of methi showed maximum inhibition of glycation 
in 3rd

 
week of incubation as compare to aqueous extract 

which showed minimum value of inhibition in 5th

 
week of 

incubation. On thorough study it is concluded that 
methanol extract of methi is more effective in glycation 
inhibition.

 
VI. Discussion 

Bierhaus et al. (1998) explored that products 
mostly derived from carbohydrate starts accumulating in 
tissue proteins at high rate with increasing age and in 
diabetes which are products of oxidation and glycation 
reaction. Marles and Farnsworth, (1995) demonstrated 
that

 
the hypoglycaemic activity of Trigonella foenum-

graecum
 
is because of its active components chemical 

nature of. Chemical compounds isolated from Trigonella 
foenum-graecum

 
include alkaloids, saponins and 

steroids etc. Zia et al.
 

(2001) said that Trigonella
 

foenum-graecum
 

(Fenugreek) (Leguminosae) is also 
being used as an herbal medicine. Seeds of Trigonella 
foenum-graecum

 
are known for their antidiabetic, tonic 

carminative effects. The oral route of administration for 
methanolic extract produced hypoglycaemic effect at 
the dose of 1 g: kg body weight. In aqueous and 
methanolic extract, presence of hypoglycaemic activity 
is because of active compounds which are polar in 
nature.

 
Reference Références Referencias 

1. Ahmad and Ahmed (2006) demonstrated that 
diabetes mellitus is a common endocrine disorder 
characterized by hyperglycemia and long-term 
complications affecting the eyes, nerves, blood 
vessels, skin, and kidneys. 

2. Ahmed, N. and A. J. Furth. 1992. Failure of common 
glycation assays to detect glycation by fructose. 
Clin. Chem. 38:1301-1303.  

3. Bierhaus, A., M. A. Hofmann, R. Ziegler and P. P. 
Nawroth. 1998. Diabetes and glycation. Cardiovas- 
cular Research. 37: 586-600.  

4. Forbes., (2004) demonstrated that advanced 
glycation end product (AGE) formation may 
contribute to the progression of atherosclerosis, 
particularly in diabetes. 

5.
 

Furth, A. J. 1988. Methods for assaying nonenzyma- 
tic glycosylation. Anal Biochem.  175(2): 347-360.

 

0

0.05

0.1

0.15

0.2

0.25

0.3

1st
 
Week 2nd Week 3rd Week 4th Week 5th Week

Ab
so

rb
an

ce
 (3

70
nm

)

Incubation (Weeks)

B+P+G

B+P+I+G

Comparative Analysis of Antiglycation Capacity of Aqueous and Methanolic Extracts of Vegetables

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

3

V
ol
um

e 
X
IV

  
Is
su

e 
V
I 
V
er
sio

n 
I

Y
e
a
r

20
14

  
 

(
B

)

© 2014   Global Journals Inc.  (US)

combination which was (.365 mole/mole) while 



6. Gillery, P. 2001. Advanced glycation end products 
(AGEs), free radicals and diabetes. Journal of Social 
Biology. 4: 387-390. 

7. Gornall, A. G., C. S. Bardwill and M. M. David. 1949. 
Determuination of serum proteins buy means of 
biuret reactions J. Biol. Chem. 177: 571-766. 

8. Grover, J. K., S. Yadav and V. Vats. 2002. Evaluation 
of antihyperglycemic and hypoglycemic effect of 
Trigonella foenum-graecum Linn, Ocimum sanctum 
Linn and Pterocarpus marsupium Linn in normal 
and alloxanized diabetic rats. Journal of 
Ethnopharmacol. 79: 95-100. 

9. Hatfield (2007) stated that Glycation (nonenzymatic 
glycosylation) processes, also known as the 
Maillard reactions, are a series of reactions between 
carbohydrates and free amino groups of proteins. 

10. Kikuchi, S., K. Shinpo, M. Takeuchi, S. Yamagishi, Z. 
Makita, N. Sasaki and K. Tashiro. 2003. Glycation—
a sweet tempter for neuronal death. Brain Research 
Reviews. 3: 306–323. 

11. Lalla, E., I. R. Lasmaster and A. M. Schmidt. 2001. 
Receptors of advanced glycation end products 
inflammation and accelerated periodontal disease in 
diabetes. Ann. Periodontal. 6(1): 113-118. 

12. Lapolla and joney j. (2005) non-enzymatic glycation 
has a twofold meaning: on one hand, measurement 
of early glycation products can estimate the extent 
of exposure to glucose and the subject's previous 
metabolic control; on the other hand, measurement 
of intermediate and late products of the glycation 
reaction is a precious instrument in verifying the 
relationship between glycation products and tissue 
modifications. 

13. Makita, Z., S. Radoff, E. J. Rayfield, Z. Yang, E. 
Skolnik, V. Delaney, E. A. Friedman, A. Cerami and 
H. Vlassara. 1999. Advance glycosylation end 
products in patients with diabetic nephropathy. 
Journal of Diabetes Complications. 325: 836-842. 

14. Marles, R. J. and N. R. Farnsworth. 1995. 
Antidiabetic plants and their active constituents. 
Phytomedicine. 2: 137-189. 

15. Morten A.k and Bernargi E. (2006) explained that 
glycation is a non-enzymatic process in which 
proteins react with reducing sugar molecules and 
thereby impair the function and change the 
characteristics of the proteins. Glycation is involved 
in diabetes and aging where the accumulation of 
glycation products causes side effects. 

16. Nursten. (2005) said that Maillard reactions are a 
complex set of reactions, typically occurring 
between carbonyl compounds and amino groups 
originating from proteins, peptides or amino acids. 
Maillard reactions may lead to formation of off-
flavours, decreased nutritional value and 
discolouration. 

17. Stoppa. (2006) found that non-enzymatic glycation 
is implicated in the development of various diseases 

such as Alzheimer's and diabetes mellitus. An 
increase in the generation of reactive oxygen 
species can occur by non-enzymatic glycation and 
glucose autoxidation. 

18. Stoynev S. and Ahmed D. (2004) said  that non-
enzymatic glycosylation (glycation) of proteins is a 
multistage chemical process starting as a 
condensation reaction between reducing sugars 
and primary amino groups (mainly from the side 
chains of Lis and Arg) and ending up with formation 
of complex heterocyclic compounds called 
advanced glycation end products (AGEs). 

19. Thomas E. and Morey C. (2005) studied prolonged 
hyperglycemia, dyslipidemia and oxidative stress in 
diabetes result in the production and accumulation 
of AGEs. 

20. Zhang, E. Y. and P. W. Swaan. 1999. Determination 
of Membrane protein Glycation in Diabetic Tissue. 
AAPS Pharmaceutical Sciences. 1: 20-35. 

21. Zia, T., S. N. Hasnain and S. K. Hasan. 2001. 
Evaluation of the oral hypoglycaemic effect of 
Trigonella foenum-graecum L. (methi) in normal 
mice. Journal of Ethnopharmacology. 75: 191-195. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Comparative Analysis of Antiglycation Capacity of Aqueous and Methanolic Extracts of Vegetables
G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 

4

V
ol
um

e 
X
IV

  
Is
su

e 
V
I 
 V

er
sio

n 
I

Y
e
a
r

20
14

(
)

B

© 2014   Global Journals Inc.  (US)

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Grover%20JK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yadav%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Diabetes%20Complications.');


Global Journal of Medical Research: B 
Pharma, Drug Discovery, Toxicology and Medicine  
Volume 14 Issue 6  Version 1.0 Year 2014 
Type: Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4618 & Print ISSN: 0975-5888 

 
Glutathione S-Transferase Activity of Three Erythrocyte Genotypes of 
Human Participants Treated with Pyrimethamine/Sulphadoxine and 
Quinine 

 By Paul Chidoka Chikezie 
 
Imo State University, Owerri, Imo State, Nigeria

                                                                                
Abstract- Studies to ascertain levels of erythrocyte glutathione S-transferase (Ery-GST) activity of 
non-malarious and malarious male participants of HbAA, HbAS and HbSS erythrocyte genotypes 
treated with pyrimethamine/sulpha-doxine mixture and quinine were carried out. Incubation of 
erythrocytes with 1-chloro-2, 4-dinitrobenzene (CDNB) caused quantitative conjugation of 
reduced glutathione (GSH) to produce S-(2, 4-dinitrophenyl) glutathione, which formed the bases 
for the measurement of Ery-GST activity using a spectrophotometer. Blood samples were drawn 
from treated non-malarious and malarious participants at time intervals of 0, 3, 6 and 18 h and 
measured for Ery-GST activity. The control values of Ery-GST activity of non-malarious and 
malarious participants were within the ranges of 3.27 ± 0.13 – 12.50 ± 1.58 IU/gHb and 2.75 ± 
0.16 – 12.21 ± 1.20 IU/gHb respectively.  

Keywords: glutathione S-transferase activity, erythrocy-tes, pyrimethamine/sulphadoxine, quinine, 
1-chloro-2, 4- dinitrobenzene (CDNB).    

GJMR-B Classification : NLMC Code: QV 4 

 

GlutathioneS-TransferaseActivityofThreeErythrocyteGenotypesofHumanParticipantsTreated withPyrimethamineSulphadoxineand Quinine                                                                
                                                              

                                             
                                                 Strictly as per the compliance and regulations of: 

 

© 2014. Paul Chidoka Chikezie. This is a research/review paper, distributed under the terms of the Creative Commons 
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 



Glutathione S-Transferase Activity of Three 
Erythrocyte Genotypes of Human Participants 
Treated with Pyrimethamine/Sulphadoxine and 

Quinine 

Paul Chidoka Chikezie 

 

 

 

 

 
Keywords: glutathione S-transferase activity, erythrocy- 
tes, pyrimethamine/sulphadoxine, quinine, 1-chloro-2, 4-
dinitrobenzene (CDNB). 

I. Introduction 

yrimethamine (250 mg)/sulphadoxine (50 mg) 
mixture is commonly used for prophylaxis and 
treatment of certain strains of Plasmodium 

falciparum that are resistant to chloroquine (Bray et al., 
1998) and usually sold under the trade mark name of 
FansidarTM. The drug combination  effectively blocks two  
 
 
Author: Department of Biochemistry, Imo State University, Owerri, Imo 
State, Nigeria. e-mail: p_chikezie@yahoo.com 
 

enzymes involved in the biosynthesis of folinic acid 
within the parasite (Milhous et al., 1985). Quinoline 
blood schizontocides behave as weak bases when 
concentrated in food vacuoles of susceptible 
Plasmodia, where it causes increase in vacuolar pH, 
inhibits peroxidase activity of haem and thereby, 
disrupts non-enzymatic polymerization of ferroproto- 
porhyrin IX (FPIX) - haemin to haemozoin. The failure to 
inactivate FPIX kills the parasite via oxidative damage to 
membranes, digestive proteases and possibly other 
critical biomolecules of the parasite (Ducharme and 
Farinotti, 1996). 

  

 

 

 

 

 
 

GST activity has been implicated in the 
acquisition of drug resistance (Black and Wolf, 1991). 
However, the role of GST activity in malaria resistance 
has not been studied, except by Dubois et al., (1995) 
who reported that drug-resistant Plasmodium 
berghei resulted from altered GST activity (Srivastava et 
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Abstract- Studies to ascertain levels of erythrocyte glutathione 
S-transferase (Ery-GST) activity of non-malarious and 
malarious male participants of HbAA, HbAS and HbSS 
erythrocyte genotypes treated with pyrimethamine/sulpha-
doxine mixture and quinine were carried out. Incubation of 
erythrocytes with 1-chloro-2, 4-dinitrobenzene (CDNB) caused 
quantitative conjugation of reduced glutathione (GSH) to 
produce S-(2, 4-dinitrophenyl) glutathione, which formed the 
bases for the measurement of Ery-GST activity using a 
spectrophotometer. Blood samples were drawn from treated 
non-malarious and malarious participants at time intervals of 0, 
3, 6 and 18 h and measured for Ery-GST activity. The control 
values of Ery-GST activity of non-malarious and malarious 
participants were within the ranges of 3.27 ± 0.13 – 12.50 ± 
1.58 IU/gHb and 2.75 ± 0.16 – 12.21 ± 1.20 IU/gHb 
respectively. Ery-GST activity of malarious participants was 
significantly (p < 0.05) lower than that of the malarious 
participants, except that of parasitized HbSS erythrocytes. 
Generally, Ery-GST activities in the presence of the two 
antimalarials exhibited a biphasic profile. The first phase 
showed decreasing levels of Ery-GST activity at t < 6 h 
following the administration of pyrimethamine/sulphadoxine 
mixture and quinine to the non-malarious and malarious 
participants. In the second phase, Ery-GST activity increased 
when experimental t > 6 h. The overall pattern of Ery-GST 
activity within the experimental time (0 < t < 18 h) showed 
evidence of antimalarial induced disturbance of erythrocyte 
homeostasis, which could be of relevance from toxicological 
standpoints and for monitoring therapeutic events in malarial 
disease.
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Enzyme studies have revealed a collection of 
protein molecules with common characteristic high 
affinity for reduced glutathione (GSH). Several of these 
protein molecules have been isolated from rat and 
human liver (Ketley et al., 1975; Awasthiet al., 1981; 
Hayes and Pulford, 1995), pigeon, locust gut, housefly 
and other sources (Ketleyet al., 1975) and 
characterized. These protein molecules are classified 
based on their enzymatic activities as glutathione S-
transferase (GST: EC: 2.5.1.18) (Jacoby, 1976). The 
functions of GSTs are classified into two general 
categories (Harvey and Beutler, 1982).As intracellular 
binding proteins (Mannervik and Danielson, 1988; Hiller 
et al., 2006), GSTs on a broad scale function as 
solubilizing and transport proteins, analogous to the 
extracellular functions of albumin (Boyer and Oslen, 
1991; Oakley et al., 1999). Also, GSTs catalyze the 
conjugation of electrophilic groups of hydrophobic 
drugs and xenobiotics to form glutathione-thioethers 
(Board et al., 1990). Thio-ethers are eventually 
converted to mercapturic acid by the sequential actions 
of gamma-glutamyl transpeptidase, depeptidase and N-
acetylase (Habiget al., 1974; Mannervik and Danielson, 
1988).

mailto:p_chikezie@yahoo.com


al.,
 

1999). The present study ascertained the 
comparative levels of erythrocyte glutathione S-
transferase (Ery-GST) activity of non-malarious and 
malarious male participants of HbAA, HbAS and HbSS 
erythrocyte genotypes treated with pyrimethamine/

 

sulphadoxine mixture and quinine.
 

II.
 

Materials and Methods
 

a)
 

Anti-malarials
  

FansidarTM
 

(Swiss (Swipha) Pharmaceuticals
 

Nigeria Ltd) and quinine (BDH, UK), were purchased 
from Cimpok Pharmaceuticals, Amakhohia, Owerri, 
Nigeria.    

 

  
 

  

 

 
 

 
 

 

 

 
 

c)
 

Ethics
 

The Ethical Committee of University of Port 
Harcourt, Port Harcourt, Nigeria, approved the study in 
compliance with the Declaration on the Right of the 
Patient (WMA,

 
2000). Before enrolment for the study, the 

patients/participants involved signed an informed 
Consent Form. 

 

 
 

Blood samples were drawn, using 5.0 mL 
capacity disposable syringes, from treated non-
malarious and malarious participants at time intervals of 
0, 3, 6 and 18 h. Erythrocytes were separated from the 
blood samples and washed by centrifugation methods 
of Tsakiris et al.,

 
(2005) with modifications according to 

Chikezie, (2011). Within 15 min of collection of blood 
samples, portions of 3.0 mL of the samples were 
introduced into centrifuge test tubes containing 3.0 mL 
of buffer solution pH = 7.4: 250 mM tris (hydroxyl 
methyl) amino ethane-HCl (Tris-HCl)/140 mM NaCl/1.0 
mM MgCl2/10 mM glucose). The erythrocytes were 
separated from plasma by centrifugation at 1200 x g for

 

10 min and washed 3 times by the same centrifugation 
method with the buffer solution. The pelleted 
erythrocytes were re-suspended in 3.0 mL of phosphate 
buffer saline (PBS) solution and passed twice through 
newly packed columns (3.5 cm in a 30 mL syringe) of 
cellulose-microcrystalline cellulose (ratio 1:1;

 
w/w) to 

obtain erythrocyte suspension sufficiently devoid of 
leucocytes and platelets. The pelleted

 
erythrocytes were 

finally re-suspended in 6.0 mL of PBS to obtain 
approximately 10% haematocrit according to Chikezie et 
al.,

 
(2012). A 2.0 mL portion of the separate pelleted 

erythrocyte genotypes were lysed by freezing/thawing 
as described by Galbraith and Watts,

 
(1980) and 

Kamber et al., (1984). The erythrocyte haemolysate was 
used for the measurement Ery-GST activity.  

 

e)
 

Malaria parasite density test
 

Portion of 2.0 mL of the blood samples were 
collected into EDTA bottles for malaria parasite 
tests. Measurement of parasite density of peripheral 
blood smear was by Giemsa stained techniques. The 
films were examined microscopically using ×100 
objective under oil immersion (Cheesbrough, 1998). 
Participants with parasitaemia levels within the range of 
1000 to 9999/μL were used for the present study.

 

f)
 

Erythrocytes haemolysate haemoglobin concen-
tration

 

A modified method (Baure, 1980), based on 
cyanomethaemoglobin reaction was used for the 
determination of haemolysate haemoglobin concen-
tration. The expressed values were in grams per deciliter 
(g/dL). A 0.05 mL portion of erythrocyte haemolysate 
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b) Selection of participants/experimental design
Fifteen (n = 15) malarious males (59 - 79 kg) 

infected with antimalarial susceptible strain of 
Plasmodium falciparum and twenty (n = 20) non-
malarious male participants (61 - 73 kg), both of 
confirmed HbAA, HbAS and HbSS genotypes enrolled 
for this study. The malarious participants were 
individuals attending clinics at the Federal Medical 
Center (FMC), St. John Clinic/Medical Diagnostic 
Laboratories, Avigram Medical Diagnostic and Research 
Laboratories, and Qualitech Medical Diagnostic 
Laboratories. All laboratory investigations were carried 
out at Avigram Medical Diagnostic and Research 
Laboratories, Owerri, Imo State, Nigeria. The malarious 
participants were within the age brackets of 21 - 34 
years old, whereas the non-malarious participants were 
within the age brackets of 20 - 28 years old. All 
participants were administered with single dose of 
pyrimethamine/sulphadoxine mixture and quinine, each 
according to the following specifications, 
[pyrimethamine] = 14.9 mg/kg: [sulphadoxine] = 2.9 
mg/kg and [quinine] = 5.9 mg/kg. Specifically, nine (n
= 9) and six (n = 6) of the malarious participants 
received pyrimethamine/sulphadoxine mixture and 
quinine respectively. For comparative study, the 20 non-
malarious participants were administered with the same 
doses of the two antimalarials, of which eleven (n = 11) 
and nine (n = 9) of the participants received 
pyrimethamine/sulphadoxine mixture and quinine 
respectively. 

Blo

d) Collection of blood specimen and preparation of 
erythrocyte haemolysate

The participants were randomly selected 
between June and August 2012. Exclusion criteria 
include; gastrointestinal tract infection, protein energy 
malnutrition, renal diseases, cirrhosis, hepatitis, 
obstructive jaundice, cancer, diabetes mellitus, 
hypertension, obesity, smoking, alcoholism, persons 
living with HIV, patients taking anti-malaria drugs and 
vitamin supplements, patients who have been treated 
for malaria in the past 2 months (Onyesom and 
Onyemakonor, 2011; Idonijeet al., 2011).



 

 

  

 

 

  
 

 

 

Where,

 

EA = Enzyme activity in IU/gHb

 

[Hb]

 

= Haemolysate haemoglobin concentration (g/dL)

 

OD/min = Change per min in absorbance at 340 nm.

 

VC = Cuvette volume (total assay volume) = 3.0 mL.

 

VH = Volume of haemolysate in the reaction system 
(0.05 mL).

 

h)

 

Statistical analyses  
The experiments were designed in a completely 

randomized method and data collected were analyzed 
by the analysis of variance procedure while treatment 
means were separated by the least significance-
difference (LSD) incorporated in the statistical analysis 
system (SAS) package of 9.1 version (2006).

 

The 
correlation coefficients between the results were 
determined with Microsoft Office Excel, 2010 version.

 

III.

 

Results

 

The reference values of Ery-GST activity of male 
participant of HbAA, HbAS and HbSS genotypes is 
presented in Table 1. Ery-GST activity of the human 
erythrocyte genotypes was in the order: HbSS > HbAS 
> HbSS. The control values of Ery-GST activities of non-
malarious and malarious male participants were within 
the ranges of 3.27 ± 0.13 – 12.50 ± 1.58 IU/gHb and 
2.75 ± 0.16 – 12.21 ± 1.20 IU/gHb respectively.

 
 
 
 
 

Table 1 :

 

Erythrocyte glutathione S-transferase activity of male participants administered with 
pyrimethamine/sulphadoxine mixture and quinine at t

 

= 0 h

 

 

Ery-GST Activity (IU/gHb)

  
NMAL

 

MAL

  
Genotype

 

PS (n

 

= 11)

 

Q (n

 

= 9)

  

PS (n

 

= 9)

 

Q (n = 6)

 
HbAA

 

3.40 ± 0.05b,c

 

3.27 ± 0.13b,c

 

2.81 ± 0.76b,c

 

2.52 ± 0.23b,c

 
HbAS

 

4.25 ± 0.10b

 

4.30 ± 0.07b

  

2.75 ± 0.16b

 

2.79 ± 0.11b

 
HbSS

 

12.50 ± 1.58a

 

11.65 ± 1.20a

  

12.19 ± 1.76a

 

12.21 ± 1.13a

 
 

 
  

 
 

summarized in Figures 1, 2 and 3. The Ery-GST activity 
was presented as relative enzyme activity (%) at the 
given experimental time intervals to that of the enzyme 
activity at t

 

= 0 h.
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Means with the different letters are significantly different at p > 0.05. NMAL: non-malarious participants; MAL: malarious 
participants; PS: pyrimethamine/sulphadoxine mixture; Q: quinine; n: number of male participants.

A comparative overview of Ery-GST activities of 
three erythrocyte genotypes of participants treated with 
pyrimethamine/sulphadoxine mixture and quinine, within 
the experimental time intervals of 0 h < t < 18 h, are 

g) Erythrocyte glutathione S-transferase
Ery-GST activity was measured by the method 

of Habig et al., (1974) as described by Pasupathi et al., 
(2009) with minor modifications according to Chikezie et 
al., (2009). The reaction mixture contained 1.0 mL of 0.3 
mM phosphate buffer (pH = 6.5), 0.1 mL of 30 mM 1-
chloro-2, 4-dinitrobenzene (CDNB) and 1.7 mL of 
distilled water. After pre-incubating the reaction mixture 
at 37°C for 5 min, the reaction was started by the 
addition of 0.1 mL of erythrocyte haemolysate and 0.1 
mL of GSH substrate. The absorbance was measured at 
time intervals of 30 s for 5 min at λmax = 340 nm. Ery-
GST activity was expressed in international unit per 
gram haemoglobin (IU/gHb) using an extinction 
coefficient (∑) of 9.6 mM-1 cm-1 in a reaction mixture in 
which 1 mole of GSH was oxidized (Equation 1). 
Calculation of Ery-GST activity

NaCN and 300 mg K4Fe(CN)6 per liter). The mixture was 
left to stand for 10 min at room temperature (‘25’ ‘±’and
‘5°C’) and absorbance read at λmax = 540 nm against 
a blank. The absorbance was used to evaluate 
haemolysate haemoglobin concentration by comparing 
the values with the standards.

Equation 1
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Figure 1 : Relative erythrocyte glutathione S-transferase activity of HbAA genotype of male participants administered 
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with 
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine 
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered 
with quinine

Prior to administration of the two antimalarials to 
the participants, Ery-GST activities of the three 
genotypes were in the increasing order: HbSS > HbAS 
> HbSS. The profiles of Ery-GST activities of the three 
erythrocyte genotypes were irrespective of malarial 
status of the participants. However, there was no 
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Figure 2 : Relative erythrocyte glutathione S-transferase activity of HbAS genotype of male participants administered 
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with 
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine 
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered 
with quinine

significant difference (p > 0.05) in Ery-GST activity 
between HbAA and HbAS erythrocytes (Figures 1 and 
2). Furthermore, Ery-GST activities of parasitized 
erythrocytes were significantly (p < 0.05) lower than that 
of non-malarious participants, except Ery-GST activity of 
HbSS erythrocyte genotype. 
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Ery-GST activity of malarious participants of 
HbAS genotype gave the lowest level enzyme activity at 
t = 6 h following the administration of quinine (Figure 2), 

whereas malarious participants of HbSS genotype gave 
peak Ery-GST activity = 12.58 ±1.50 IU/gHb at t = 18 h 
(Figure 3).
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IV. Discussion 

The present report showed that Ery-GST activity 
of the human erythrocyte genotypes was in the order: 
HbSS > HbAS > HbSS (Table 1), which was in 
concordance with previous findings (Anosike et al.,
1991). According to Shalev et al., (1995), comparative 

raised levels of Ery-GST activity of HbSS genotype was 
the outcome of corresponding raised levels of oxidants 
in this erythrocyte genotype. The intermediate level of 
Ery-GST activity of HbAS erythrocytes was a reflection of 
the hybrid nature of heterogeneous erythrocyte 
(Anosike et al., 1991).

decreased levels of enzyme activity compared to 
corresponding Ery-GST activity of non-malarious  
participants (Figures 1 and 2), which corroborated the 
findings of Sohail et al., ( 2007). Therefore, low level of 
Ery-GST activity probably served as host defense 
strategy against the malarial parasites through up-
regulation of oxidative protection mechanisms. In 
addition, Ery-GST activity served as a biomarker for 
diagnostic and therapeutic events in malaria. For similar 
purposes and reasons, reports have equally shown that 
patients infected with the malarial parasites (Becker et 
al., 2004; Kavishe et al., 2006) and causative organism of 
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Figure 3 : Relative erythrocyte glutathione S-transferase activity of HbSS genotype of male participants administered 
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with 
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine 
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered 
with quinine

Generally, the patterns of Ery-GST activities in 
the presence of the two antimalarials exhibited a 
biphasic profile. The first phase showed decreasing 
levels of Ery-GST activity within t < 6 h following the 
administration of pyrimethamine/sulphadoxine mixture 
and quinine to the non-malarious and malarious male 
participants. In the second phase, Ery-GST activity 
increased when the experimental t > 6 h.

Human GST activity, though not routinely 
assayed in clinical laboratories, could serve as a useful 
marker enzyme in diagnostic pathology. For instance, 
over-expression of GST in erythrocytes of patients with 
chronic renal failure (Galli et al., 1999) and uremia (Galli
et al., 1999; Carmagnol et al., 1981) have received 
immense attentions and documentations. Patients with 
hepatocellular damage present elevated plasma GST 
activity (Mulder et al., 1999; Beckett and Hayes, 1993). 
In addition, low GST activity consequent upon impaired
placental detoxification pathways may represent a risk 
factor for recurrent early pregnancy loss (Zusterzeel et 
al., 2000) and as an indicator of oxidative stress at birth 
(Neefjes et al., 1999). The level of expression of GST 
could provide useful diagnostic parameter in carcinoma
of the breast (Forrester et al., 1990) and bladder (Engel 
et al., 2002). 

Previous investigations by Sarin et al., (1993) 
revealed that parasitaemia caused decreased levels of 
enzyme activities associated with the glutathione system 
such as glutathione peroxidase (GPx), glutathione 
reductase (GRx) and GST activities of erythrocyte 
lysates. Accordingly, the present study showed that Ery-
GST activities of parasitized erythrocytes of HbAA and 
HbAS genotypes exhibited significant (p < 0.05) 

visceral Leishmaniasis (Neupane et al., 2008) exhibited 
lower plasma levels of reactive oxygen and nitrogen 
species (RONS) antagonist such as glutathione (GSH), 
catalase and α-tocopherol than in the control groups. 
Therefore, inoculation of malarial parasites into biologic 
systems, most probably,elicitsthe production of reactive 
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oxygen species (ROS) as a part of host defense strategy 
against the invading parasites (Becker et al., 2004). The 

between the non-malarious and malarious participants 
of HbSS genotype (Figure 3), implied that the host 
HbSS erythrocytes did not turn on the oxidative up-
regulatory pathways that are involved in the control 
measures and elimination of the parasite. Expectedly, 
the perpetual high oxidative state of HbSS erythrocytes 
(Anosike et al., 1991) provided and sustained the 
requisite anti-fecundity capabilities of this erythrocyte 
genotype against the malarial parasites.

Furthermore, low levels of Ery-GST activity of 
malarious participants was in connection with malarial 
pathophysiology described elsewhere (Dubios et al.,
1995, Liebau et al., 2002). The ingestion and degradation 
of large quantities of haemoglobin by malarial parasite 
elicits the generation of potentially parasitotoxic FPIX. 
Accordingly, FPIX efficiently binds to P. falciparum GST
(pfGST) (Harwaldt et al., 2002) as well as to Ery-GST, 
preferably to the GST-GSH complex (Hiller et al., 2006), 
and thereby, engenders uncompetitive inhibition of 
the GSTs. 

toxicological standpoints and for monitoring therapeutic 
events in malarial disease.
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Correlation of Protein Carbonyl and 
Malondialdehyde in Oxidative Stress Induced 

Senescence of RBC Membrane in Type 2 
Diabetes Mellitus 

Dr. Asfia Afreen α & Dr. Dinesh Javarappa σ 

Abstract- Diabetes mellitus is a group of metabolic disease 
characterised by a state of chronic hyperglycemia. The 
biochemical process of Advanced Glycation appears to be 
enhanced in the Diabetes melieu as a result of not only 
hyperglycemia but also other stimuli such as oxidative stress 
and lipid peroxidation. 

The aim of the study is to establish a link between the 
oxidative stress induced by changes with protein carbonyl 
content and  MDA damaging the RBC membrane composition 
in Type 2 DM   in comparison to normal controls. 

The correlation of Malondialdehyde (MDA) and 
Protein carbonyl levels in relation to control of Type 2 Diabetes 
mellitus based on HbA1C level indicate that there is an 
autooxidation of glucose which results in persistent production 
of malondialdehyde(MDA) and ROS which can release 
advance glycation end products (AGE) and advanced 
lipoxidation end products(ALE) along with increased 
carbonylation of proteins leading to protein damage, oxidative 
modification of aminoacid residues ,aminoacid fragmentation 
and increased proteolytic susceptibility. Protein carbonyl can 
be generated by via non specific oxidation of aminoacid   by 
via nonspecific oxidation of aminoacid or via catalysed 
oxidation of specific aminoacid key to protein function by 
oxygen and glycation. 

A case control comparative study was done with 
Type 2 Diabetes mellitus and normal controls at BMCH & RC, 
chitradurga. According to the criteria, blood sample were 
collected under aseptic precautions and evaluation of fasting 
blood sugar, HbA1C, Protein carbonyl along with RBC 
membrane ghost preparation and estimation of 
malondialdehyde(MDA) were  done. It was found that there 
was significant increase of protein carbonyl in serum of Type2 
DM cases (1.20±0.08) in comparison to control groups 
(0.90±0.06) with a statistical significance of (p<0.001) along 
with Malondialdehyde (MDA) of RBC membrane which was 
also significantly increased (4.23±0.21) in Type 2 Diabetes 
Mellitus in comparison to normal control (3.28±0.19) with a 
statistical significance of P<0.001.  In our study, the positive 
correlation of membrane Malondialdehyde(MDA) and protein 
carbonyl was established with 74% of cases of Type 2 
Diabetes Mellitus  falling into the HbA1C control group of 7-8% 
indicating that protein carbonyl, Malondialdehyde (MDA) levels 
are  early    indication     of    progressive    diabetic    changes. 
 
 
Author α: Assistant  professor, Department of Biochemistry, BMCH & 
RC, Chitradurga. e-mail: asfiakauser81@gmail.com 
Author σ: Professor and Head, Department of Biochemistry, BMCH & 
RC, Chitradurga. e-mail: drdineshj@yahoo. 

Keywords: diabetes mellitus, oxidative stress, reactive 
oxygen species, protein carbonyl and malondialdehyde 
(MDA). 

I. Introduction 

iabetes mellitus is the major health problem 
affecting people all over the world. It is one of the 
most extensively investigated human diseases. 

Diabetes Mellitus is a metabolic disease characterized 
by a state of chronic hyperglycemia resulting from 
defects in insulin secretion, insulin action or both. The 
vast majority of diabetes falls into two broad categories. 
During diabetes mellitus, persistent hyperglycemia 
produces free radicals especially reactive oxygen 
species (ROS), glucose autooxidation and protein 
glycosylation. Increase in the levels of ROS in diabetes 
mellitus is due to their increased production and/or 
decreased destruction by non enzymatic or enzymatic 
reactions like catalase, reduced glutathione (GSH), 
superoxide dismutase (SOD) antioxidants.1 The 
impairment caused by increased  ROS  is thought to 
result in random  damage to proteins , lipids and  DNA. 
Oxidative stress and oxidative damage to tissues are 
common end points of chronic diseases such as 
atherosclerosis, rheumatoid arthritis and diabetes. 
Oxidative stress is currently suggested as mechanism 
underlying diabetes and diabetic complications.2 

Over the last few decades several age related 
alterations of erythrocytes have been investigated,3 of 
these oxidative damage to the erythrocyte membrane 
components is presently thought to play a key event 
during senescence of pathological red cells in 
thallesemia, sickle cell anaemia etc. The oxidative 
damage is probably initiated by reactive oxygen species 
(ROS) and other oxidants endogenously. 4 The study 
was undertaken to evaluate the effect of oxidative stress 
on erythrocyte membrane in Type 2 Diabetes mellitus 
and compare them with normal subjects. 

II. Materials and Methods 

The study was approved by the Ethics 
committee; a written informed consent was obtained 
from all participants in this study. A total of 100 patients 
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with type 2 diabetes mellitus were recruited from the 
institute’s medicine department. The diagnosis of type 2 
diabetes mellitus was confirmed by glycosylated 
hemoglobin (>7). Hundred   age and sex matched 
apparently healthy individuals with normal plasma 
glucose and with no symptoms suggestive of DM were 
taken as controls. Both cases and controls were 
subjected to estimation of biochemical parameters. 
Fasting plasma glucose was estimated by using 
commercially available kit in automated analyzer.5 The 
estimation of glycosylated hemoglobin was done by 
cation exchange resin method6, RBC membrane were 
prepared by Dodge et al 7 , protein carbonyl estimation 
was done by Levine et al 8 method and MDA was 
estimated by Ohkawa et al method.9 

III. Statistical Analysis 

Statistical analysis of data was performed using 
SPSS (Version 15.0). Chi-square and Fisher Exact test 
has been used to find the significance of protein 
carbonyl and MDA levels between cases and controls. R 
environment Ver 2.11.1 were used for the analysis of the 
data and Microsoft word and Excel have been used to 
generate graphs, tables etc.,    

IV. Results 

A Comparative study consisting of 50 Diabetic 
Mellitus patients and 50 controls was undertaken to 
investigate the oxidative stress parameters in type 2 DM 
cases when compared to controls. The mean age of the 
diabetics was 41.52 ±5.47years whereas it was 
55.58±12.84 years respectively. Both among the cases 
and controls the sex distribution was same i.e. 80% and 
20%   males and females respectively. The maximum 
number of   the age group of 41-45 i.e. 32%. The mean 
FBS levels among cases and controls were 
197.50±8462 and 93.48±7.54 mg/dl and respectively. 
There is significant difference between levels of protein 
carbonyl and MDA   levels among diabetics and 
controls. The mean protein carbonyl in cases and 
controls were 1.20±0.08 and 0.90±0.06 nmols/mg of 
protein respectively (p<0.001). The mean MDA in cases 
and controls were 4.23±0.21 and 3.28±0.19 nmols/mg 
of protein respectively (p<0.001).  

V. Discussion 

Diabetes Mellitus is characterized by chronic 
hyperglycemia with disturbances of carbohydrate, fat 
and protein metabolism resulting from defects in insulin 
secretion, insulin action or both. The biochemical 
process of advanced glycation appears to be enhanced 
in the diabetic milieu as a result of not only 
hyperglycemia   but also other stimuli such as oxidative 
stress and lipid peroxidation. Protein carbonyl content in 
the cells is one of the indications of oxidative damage to 
protein and can be generated via nonspecific oxidation 

of aminoacids exposure of protein to oxygen radicals 
results in protein damge, this includes oxidative 
modification of many amino acid residue fragmentation, 
aggregation and increased proteolytic susceptibility. 
Like most biological membranes the plasma membrane 
of erythrocytes is rich in protein owing to this unique 
feature membrane proteins of erythrocytes are primary 
target for ROS & RNS.10 The protein carbonyl content 
was increased in cases in comparison to controls. 
Cellular proteins are believed to be the targets of free 
radical induced oxidation injury. Protein carbonyl content 
in the cells is one indication of oxidative damage to 
proteins and can be generated by via non specific 
oxidation of aminoacids or via catalysed oxidation of 
specific aminoacid key to protein function by oxygen 
and glycation. Persistent hyperglycaemia in diabetes 
mellitus leads to increased formation of free radicals 
through various mechanisms. These free radicals attack 
and damage lipids, proteins and nucleic acids resulting 
in various late diabetic complications.11   In the present 
study MDA content of cases was significantly raised in 
comparison to controls which exhibits the free radical 
injury due to peroxidative breakdown of phospholipids, 
fatty acids and accumulation of MDA resulting in 
senescence of RBC membrane.  

VI. Conclusion 

The present study suggested that excess free 
radicals are generated due to persistant hyperglycemia, 
which induces changes in membrane lipid peroxidation 
and oxidation of proteins and fragmentation which are 
potential risk factors for the development and 
progression of oxidative damage resulting in 
senescence of RBC membranes.  
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Table

 

: 1

 

Variables

 

Cases

 

Control

 

Diference

 

P value

 

PROTEIN CARBONYL 
(nmoles/mg of protein)

 

1.20±0.08

 

0.90±0.06

 

0.30

 

<0.001**

 

MDA (nmoles/mg of protein)

 

4.23±0.21

 

3.28±0.19

 

0.95

 

<0.001**

 

          

      **(P<0.001)=significant
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The Cardioprotective Effects of Irbesartan and 
Candesartan in Isoproterenol Induced 

Cardiomyopathy in Rats
Jan J. Alshmani α & Ansam N. Alhassani σ

Abstarct- The presence of a wide selection of angiotensin
receptor blockers and the conflicting evidence regarding their 
cardioprotective effect, led to the attempt to evaluate the 
impact of irbesartan and candesartan on cardiac hypertrophy 
and remodeling. Female Albino rats were divided into 3 
groups. The first group served as the control group and was 
given 1 ml distilled water via oral gavage and 0.5 ml distilled 
water subcutaneously. The second group was the 
isoproterenol (ISO) group and was given a daily S.C. injection 
of ISO at a dose of 5 mg/kg. The third group served as the 
treatment group and it was subdivided into 2 groups, both 
received ISO as stated previously along with a treatment drug 
which was administered via oral gavage and they included: 
ISO-Irb(irbesartan 50 mg/kg/day), and ISO-Cand(candesartan
2.6 mg/kg/day). All groups were treated for a period of 14 
days. The assayed parameters included; mean serum Matrix 
metalloproteinase 9 (MMP-9), Cardiac troponin I (cTn-I), and 
Heart weight to Body weight (Hw/Bw) ratio.Irbesartan co-
administered with ISO significantly reduced mean serum 
MMP-9 concentration, while candesartan significantly reduced 
MMP-9, and cTn-I concentrationscompared to the ISO group 
respectively. The Hw/Bw ratio was significantly reduced by 
both drugs. In conclusion both treatment drugs possessed 
some degree of cardioprotection; candesartan being the most 
beneficial in ameliorating isoproterenol induced cardiac injury.
keywords:  angiotensin, isoproterenol, cardiomyopathy,  
ARBs, MMP-9, cTn-i, candesartan, irbesartan.

I. Introduction

he human heart is an exceptional organ, that’s 
designed to function continuously for an average 
70 year life span of a normal individual, thus a 

human heart beating at a rate of 70 beats per minute will 
exceed 2.5 billion beats throughout the life span of a 
human being (McCartan et al., 2012), this exceptional 
muscular pump displays extraordinary capacity to adapt 
to a broad range of genetic and extrinsic factors to 
sustain its contractile functions, failure to do so results in 
cardiac dysfunction and cardiomyopathy (Harvey and 
Leinwand, 2011). Cardiomyopathies are defined as "a 
heterogeneous group of diseases involving the 
myocardium which are associated with mechanical 
and/or electrical dysfunction that usually exhibits 
inappropriate ventricular hypertrophy or dilation and are 
due to a variety of causes that frequently are genetic" 

Author α: Hawler Medical University. e-mail: jjann1979@hotmail.com

(Maron et al., 2006). They can be classified either into 
primary, or secondary; or according to the type of 
cardiomyopathy into dilated cardiomyopathy (DCM), 
hypertrophic cardiomyopathy (HCM), restrictive 
cardiomyopathy (RCM), and arrhythmogenic right 
ventricular cardiomyopathy (ARVC) (Wexler et al., 2009)

DCM is a progressive, irreversible condition with 
an estimated prevalence of 1:2500, and is considered 
one of the leading causes of heart failure (Burke, 2011). 
HCM is regarded as a leading cause of death among 
athletes, and has an incidence of 1:500 (Maron, et al., 
2006), while RCM and ARVC are considered rare types 
of cardiomyopathy (Wexler et al., 2009). Many 
biomarkers have been associated with cardiac 
remodeling and cardiomyopathy (Gopal and Sam, 
2013), among these is the cTn-I and MMP-9, their 
elevation is involved in cardiac injury and 
cardiomyopathy (Herman et al., 1999; Fairweather et al., 
2011), in addition the renin angiotensin system (RAS) 
can induce left ventricular hypertrophy and fibrosis 
(Ocaranza et al., 2002), due to the direct effect of Ang II 
on myocardial cell hypertrophy through its action on the 
AT1 receptor (Mehta and Griendling, 2007).

II. Materials and Methods

Thirty six female albino rats, 8-12 weeks old, 
weighing 140-200 grams, were used.  The animals were 
housed in groups of four per cage, on sawdust in the 
animal house facility, under conditions of controlled 
ambient temperature of 22-25 oC with a 12 hour light/ 
dark cycles. The animals were supplied with rodent 
chow and free access to tap water. 

a) The Rats were allocated into 3 groups as follow
Group 1: (Control group) This group included 8 

rats and served as the control group; they received 1ml 
distilled water orally via oral gavage and 0.5 ml distilled 
water subcutaneously for a period of 14 days. Group 2: 
(ISO group) included 8 rats and served as a model of 
isoproterenol induced cardiomyopathy. The animals 
were injected with isoproterenol hydrochloride in a dose 
of 5mg/kg/day (Tipnis et al., 2000; Heather et al., 2009; 
Chowdhury et al., 2013),  S.C. for a period of 14 days to 
induce distinguishable cardiac hypertrophy and 
cardiomyopathy. Group 3: (Treatment group) included 
20 rats, and served as the treatment group; they were 

T



 

 

 

 
 
 

b)
 

Serum Measurements
 

Rat Matrix Metalloproteinase 9 and Cardiac 
troponin I serum concentrations were measured 
bydouble-antibody sandwich enzyme-linked immune-
osorbent assay (ELISA), purchased from Uscn life 
science/ Germany and QAYEE-BIO/ Germany 
respectively.The Hw/Bw ratio was calculated by dividing 
the heart weight (mg) over the body weight (gm.). 
(Suckowet al, 2005).

 

𝑯𝑯𝑯𝑯\𝑩𝑩𝑯𝑯 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 =
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 𝐰𝐰𝐇𝐇𝐰𝐰𝐰𝐰𝐰𝐰𝐇𝐇 𝐰𝐰𝐢𝐢 𝒎𝒎𝒎𝒎
𝑩𝑩𝒓𝒓𝑩𝑩𝑩𝑩 𝑯𝑯𝒘𝒘𝒓𝒓𝒎𝒎𝒘𝒘𝒓𝒓 𝒓𝒓𝒊𝒊 𝒎𝒎𝒎𝒎

 

c) Statistical Analysis 
All data are expressed as Mean ± standard 

deviation. Data was analyzed using the Statistical 
Package for Social Sciences (SPSS) version 16. Data 
analysis was made using one-way analysis of variance 
(ANOVA). Comparison between groups was done by 
using Post Hoc LSD test. P˂0.05 was considered 
statistically significant. 

III. Results 

By the end of the study the following mortality 
was recorded: 2 of 10 rats in the ISO-Cand group. 
These animals were excluded from the study. 

The table below shows the effect of co-
administration of the treatment drugs with isoproterenol 
on the studied parameters. Irbesartan in its respective 
group, significantly reduced mean serum MMP-9 
concentration to 8.10±2.32 ng/ml, while candesartan 
significantly reduced both serum concentrations of 
MMP-9 (8.25±1.96 ng/ml) andcTn-I (67.47±10.06 
ng/ml,). The Hw/Bw ratio was significantly reduced by 
both treatment drugs.  

Table 1:
 
The effect of Irbesartan, and Candesartanco-administered with Isoproterenol on serum matrix 

metalloproteinase 9, cardiac troponin I, and heart weight to body weight ratio
 Biomarkers

 

G
ro

up
s

 

 
MMP-9 ng/ml

 
cTn-I ng/ml

 
Hw/Bw ratio

 Control
 

7.66±1.50
 

70.35±13.27
 

3.15±0.35
 ISO

 
11.38±3.41*

 

85.58±10.95*

 

4.53±0.31*

 ISO-Irb
 

8.10±2.32a

 

80.42±14.07
 

3.76±0.29a

 ISO-Cand
 

8.25±1.96a

 

67.47±10.06ab

 

3.65±0.20a

 

 
P-Value

 
0.015

 
0.019

 
<0.001

 

 
-

 

Values are expressed as mean ± standard deviation

 
-

  

Difference between individual groups were detected using post hoc LSD test

 
-

 

p<0.05 is considered significant

 
-

 

*indicates a significant difference from the control at P<0.01

 
-

 

aindicates a significant difference from the ISO group at p<0.01

 
-

 

bindicates a significant difference between ISO-Cand and the ISO-Irb group

 
-

 

P value refers to the significance of the difference detected by ANOVA. 

 
-

 

MMP-9: Matrix metalloproteinase 9. cTn-I: Cardiac troponin I. Hw/Bw: Heart weight to body weight.
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further subdivided into 2 subgroups all of which received 
isoproterenol as stated previously for group 2, along 
with the treatment drug administered via oral gavage, 
and they include: Group 3.1 (ISO-Irb. group): This group 
included 10 rats that were given irbesartan 
50mg/kg/day. Group 3.2(ISO-Cand. group): This group 
included 10 rats that were given candesartan 2.6 
mg/kg/day. All groups were treated for a period of 14 
consecutive days.

Isoproterenol hydrochloride solution was 
prepared by reconstitution of isoproterenol 
hydrochloride powder with distilled water daily under 
sterile conditions immediately before injection (Grimm et 
al., 1998). The rats were first weighed and then 
isoproterenol was injected S.C into each rat except 
control group which was injected with distilled water 
S.C. The subcutaneous route was used because of the 
higher levels of cTn-I associated with this route, and a 
greater degree of cardiac injury (Brady et al., 2010). 
Immediately after the injection, the rats received the 
corresponding treatment drug according to the stated 
dose for each group, (except for the control group and 
the ISO group). After 14 days, 24hr of the last dose, the 
rats were anesthetized by injecting thiopental sodium 
100mg/kg/I.P (Grimm et al., 1998), then dissected to 
expose the beating heart, after which blood was 
withdrawn directly from the right ventricle. The withdrawn 
blood was placed in a graduated glass conical bottom 
centrifuge tubes and allowed to settle for 20 min after 
which it was centrifuged at 3000 RPM for 10 minutes. 
The obtained serum was placed in eppendorf tubes and 
stored at -20 oC for further analysis; the heart was 
extracted, dried with filter paper and weighed.



 Figure 1
 
:
  
Bar chart comparing the mean serum levels of MMP-9, cTn-I and cholesterol in the control group, ISO 

group, ISO-Irb group, and ISO-Cand group
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IV. Discussion

Isoproterenol through its non-selective β-
adrenoceptor activation causes severe cardiac injury 
and myocardial hypertrophy through inflammation, 
cytosolic Ca2+ overload and generation of reactive 
oxygen species (ROS) (Serra et al., 2008).

The mean serum MMP-9 concentration was 
significantly increased in the ISO group when compared 
to the control group, which is consistent with Li et al., 
(2008) and Cheng et al., (2009) as wasthe mean serum 
cTn-I concentration which is consistent with York et al., 
(2007). The elevated levels of cTn-I and MMP-9 are 
associated with cardiomyopathy and cardiac 
remodeling (Babuin and Jaffe, 2005; Roldán et al., 
2008), and may reflect the myocardial injury produced 
by the administration of isoproterenol in the present 
study. Irbesartan in its respective groups, produced a 
significant reduction in MMP-9 serum concentrations 
which is in agreement with Montalescotet al., (2009), 
while candesartan in its respective group significantly 
reduced both mean serum MMP-9 and cTn-I 
concentrations, which is consistent with Palaniyappan et 
al., (2009), who found that candesartan is capable of 
normalizing MMP-9 (activity, protein, and mRNA) in rats 
after reperfused myocardial infarction. 

The effects of ARBs on MMP-9 and cTn-I may
be mediated through the inhibition of Ang II, Deschamps 
and Spinale, 2006 stated that Ang II stimulation of 
neonatal rat ventricular myocytes can trigger the 
mobilization of cytoplasmic Nuclear Factor-κB to the 
nucleus which in turn increases MMP-9 transcription.

Isoproterenol increased the mean Hw/Bw ratio 
significantly above control and this is consistent with 
Boluyte et al., (1995). This increase was significantly 

reduced in both treatment subgroups, and is consistent 
with the findings of Richer et al., (1999), Shirai et al., 
(2005).The effectiveness of ARBs in reducing heart 
weight to body weight ratio can be explained on the 
bases of their ability to block the action of Ang II, since 
accumulating evidence suggest that Ang II is involved in 
pathologic cardiac hypertrophy processes including 
myocyte hypertrophy, myocyte gene reprogramming, 
fibroblast proliferation, and extracellular matrix protein 
accumulation (Gray et al., 1998; Kim and Iwao 2000; 
Ichihara et al., 2001). 

The observed differences among individual 
ARBs seen in this study may be attributed to the 
different binding affinity to the AT1 receptor (Kakuta et 
al., 2005).

The observed differences among individual 
ARBs seen in this study may be due to the different 
binding affinity to the AT1 receptor (Kakuta et al., 2005).
Burnier (2001) stated that candesartan has the best Ang 
II antagonistic activity profile. Verdecchia et al., (2009) 
concluded that despite the shared mechanism of action, 
each ARB is characterized by specific pharmacological 
properties that could influence its clinical efficacy. . In 
conclusion both treatment drugs expressed 
cardioprotective abilities, candesartan being the most 
beneficial since it was capable of normalizing serum 
cTn-I levels as well as the MMP-9 and Hw/Bw ratio.
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                                                                                                                       
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es)

 
Approach: 

Single section, and succinct

 
As a outline of job done, it is always written in past tense

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives.

 Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
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Submit to work done by specific persons (including you) in past tense.  
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Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
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appropriate. 
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Result
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Discussion
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