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Feeding Practices and Nutritional Parameters of Children 
Aged 6-14 Years from Cameroon  

By Djeukeu A.W., Kana-Sop. M. M., Gouado I., Nolla N. P., Mananga M. J., 
Amvam Z. P. H. § & Ekoe T. 

University of Douala 

Abstract - Malnutrition in all the forms is highly prevalent in Cameroon. The aim of this study was to 
evaluate some nutritional parameters of children aged of 6 to 14 years in Douala. The study evaluated 
nutritional status of 265 children of 6 to 9 years (63.9%) and 10-14 years (36.1%) using anthropometric 
measures and albuminemia of 99 children, determined by the colorimetric method. Foods habits and 
practices were assessed using questionnaires. Statistical analyses were performed by Graph Pad prism 
version 5. Stunting, wasting and overweight were observed at 18.0 %, 5.1 % and 16 % respectively. 
Stunting was frequent in families of more than 5 persons and in those with illiterate mothers. There was a 
significant difference (p<0.001) between the average albuminemia of stunted children (38.1 ± 7.7g/l) and 
that of non stunted children (48.7± 11.1 g/l). The daily energy intake of the boys ranged between 89.5% 
and 100.6% of their energy requirement, and that of girls ranging between 100.9% and 114.1%. The foods 
of those children were diversified but minerals intake were low. Nutritionals problems observed may be 
due to poor knowledge of food practices and poor food habits. 

Keywords : malnutrition, children 6-14 years, nutritional-status, albuminemia, food-intake, cameroon. 
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Feeding Practices and Nutritional Parameters of 
Children Aged 6 -14 Years from Cameroon

Djeukeu A.W. α, Kana-Sop. M. M. σ, Gouado I. ρ, Nolla N. P. Ѡ, Mananga M. J. ¥, Amvam Z. P. H. §   
& Ekoe T. χ 

Abstract - Malnutrition in all the forms is highly prevalent in 
Cameroon. The aim of this study was to evaluate some 
nutritional parameters of children aged of 6 to 14 years in 
Douala. The study evaluated nutritional status of 265 children 
of 6 to 9 years (63.9%) and 10-14 years (36.1%) using 
anthropometric measures and albuminemia of 99 children, 
determined by the colorimetric method. Foods habits and 
practices were assessed using questionnaires. Statistical 
analyses were performed by Graph Pad prism version 5. 
Stunting, wasting and overweight were observed at 18.0 %, 5.1 
% and 16 % respectively. Stunting was frequent in families of 
more than 5 persons and in those with illiterate mothers. There 
was a significant difference (p<0.001) between the average 
albuminemia of stunted children (38.1 ± 7.7g/l) and that of 
non stunted children (48.7± 11.1 g/l). The daily energy intake 
of the boys ranged between 89.5% and 100.6% of their energy 
requirement, and that of girls ranging between 100.9% and 
114.1%. The foods of those children were diversified but 
minerals intake were low. Nutritionals problems observed may 
be due to poor knowledge of food practices and poor food 
habits. 
Keywords : malnutrition, children 6-14 years, nutritional-
status, albuminemia, food-intake, cameroon. 

I. Introduction 

utrition plays a key role in health and 
development of an individual. Good nutrition 
protects the infants, the children and the mother, 

strengthens the immune system and reduces the risk of 
non communicable diseases related to foods. It also 
enhances the productivity of the population and can 
help to get out gradually from the vicious circle of 
poverty and hunger (UNICEF, 2011). The nutritional 
needs of an individual require the consumption of 
balanced diet. However, not everyone has access to 
optimal feeding. Inappropriate food habits linked to poor 
nutrients intakes are unable to cover nutrients needs of 
the body, leading to malnutrition (Baneko, 2008). 

Malnutrition is then a result of less or excess of 
one or more nutrients (FAO, 2003). In all its forms it has 
serious health consequences and now, there is a double 
burden of malnutrition especially in developing 
countries.   According  to  FAO  (2006),  more   than  3.5  

 
Author  α σ ρ Ѡ : University of Douala, Faculty of Science, PO Box 
24157 Douala, Cameroon. 
Author   ¥ : University of Yaoundé I, Faculty of Science. 
Author § : University of Ngaoundéré. 
Author  χ : University of Yaoundé I, Faculty of Medicine and Biomedical 
Sciences. 

billion people are suffering in the world, for malnutrition 
and hunger. Each year, almost 9 million deaths of 
children fewer than 5 years, estimated from 33 to 56% 
are attributable to malnutrition (UNICEF, 2011).  
Malnutrition if not control at the youngest age will lead to 
chronic diseases at adulthood. Schoolchildren are also 
one of groups severely affected by malnutrition, after 
infants and young children. Long term poor eating 
habits affect lifestyle and cause related chronic diseases 
including obesity, diabetes, cardiovascular diseases 
and some cancers (Kobayassi et al., 2010). In recent 
years, obesity has become prevalent not only among 
adults but also in children in Japan (Kouda et al., 2004). 
Those who are obese in childhood tend to remain obese 
as adults (Freedman et al., 2005; Guo et al., 2000; Fried 
et al., 2005; Whilhok et al., 2005). When children are 
overweight, they are more likely to develop metabolic 
syndrome later in life (Vanhaha et al., 1998). 
Furthermore, the longer individuals rae overweight, the 
greater their risk of cardiovascular diseases (Baker et 
al., 2005). Various factors contribute to obesity, 
including physical inactivity, an irregular and unbalanced 
diet, and over-eating (Sugiura et al., 2007). Dietary 
habits are formed during childhood (Mikkala et al., 
2005). To prevent adult obesity, it is desirable that 
individuals acquire appropriate dietary habits in 
childhood. Habitual dietary intake among children 
should be assessed to evaluate childhood dietary 
problems, enabling the correction of any bad dietary 
habits malnutrition consequences  comprising 
essentially, the impairment of cognitive, and learning 
capacities resulting in the quickly and early drop out 
from school (Alaimo et al., 2001; Sanokho, 2005, 
Victoria et al., 2008).  

In Cameroon, despite the quantity and diversity 
of food resources, populations are not exempt to 
nutritionals problems (PAM, 2007). According to 
statistics from the Department of Public Health, the 
prevalence of stunting among children under five rose 
from 23% in 1991 to 32% in 2004. Malnutrition is 
implicated in more than 50% of infant mortality. 
Deficiencies in vitamin A and iron affect respectively 
38% and 58% of children under 5 years (EDSCIII, 2004). 
Beyond the age of 5 years there is very little information 
on child malnutrition in Cameroon. Available data 
concerns preschool children nutritional status and 
feeding (Kana Sop et al., 2008, Kana Sop et al., 2011), 

N 
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very little work was carried on school age children 
(Ponka et al., 2006). This work was thus initiated to 
assess the nutritional status of the population of children 
in Makèpè Missokè in order to contribute to the 
optimization of food and nutrition security in this locality. 

II. Materials and Methods 

a) Study Area 
The study took place in Douala. Douala is the 

most popular city of Cameroon (with 14.4% of the 
Cameroonian's population, which is 2,510,283 
inhabitants) (CRTV news, 2010)). Makèpè Missokè is 
one of the poorest sub-quarter or locality of Douala 
according to AFEF (2011). 

b) Subjects Recruitment 
All the children (6-14 years of age, n = 255) 

were registered at the Bilingual Confidence Primary 
School of Makèpè Missokè and enrolled in 
anthropometrics measurements. Ninety nine of them 
were randomly selected for serum albumin 
determination. A sub-sample of 25 children (8 females 
and 17 males), Representing about 10% of the sample 
size, were involved in 3 day Weighed food records. The 
study was approved by the Cameroon National Ethics 
committee. The study aim and methods were explained 
orally, and written informations were provided to all 
parents/guardians (i.e., the person whose prepared the 
child’s were enrolled). Then, the parents/guardians 
provided their written informed consent.  

c) Weight Measurements 
Using Salter scale (1 - 120 Kg Cap, AMSUA at 

0, 01 Kg), subjects were made to stand on the platform 
without touching anything. Shoes were removed. 
Readings were taken to the nearest 0.2Kg. Weighing 
was done when the stomach was virtually empty. 

d) Height Measurements 
The children were made to stand without shoes 

on the platform of the vertical toise. The head erect 
comfortably was held in the same vertical plane as the 
external auditory meatus. The head piece was then 
lowered gently, crushing the hair and making contact 
with the top of the head. Readings were taken to the 
nearest 0.5 cm. 

e) Biochemical Analyses 
Blood samples were collected only on children 

whose parents gave their consent and signed the inform 
consent form. Thus, blood samples of 99 children were 
taken on an empty stomach in the morning between 8 
and 10 h. Approximately 2 ml of venous blood were 
collected from each child. The blood collected was 
introduced in dry tubes and sent to the biochemistry 
laboratory at the University of Douala. Centrifugation of 
the blood was performed using a Sigma 2-6 E centrifuge 
type at the speed of 3600 x g for 20 min. This technique 

serum (supernatant) was extracted using a micropipette 
"eppendorf" (1000 mL) and introduced into cryotubes 
(1.2 mL). The serum obtained was then used to 
determine the albumin content.

 
f)

 
Food Intakes

 Three days weighed food records were 
conducted during a week. Foods intakes of children was 
quantified by using household weighing measuring 
tools,

 
such as standard measuring cups and spoons, 

ruler for Measuring dimensions. We help children 
parents and guardians to fill the form detailing each 
menu according to breakfast, lunch, dinner, or snack in 
each investigation day. We determined the child’s daily 
intake of food items by weighing their meal before an 
after each meal. We then calculated the nutrient intake 
for each child using the nutrients composition of dishes 
consumed in Douala of Kana Sop et al., 2008 and other 
item present in Nutrisurvey software. We defined food as 
not only a single food item (e.g., banana) but also as a 
mixed dish (e.g., banana stew). We calculated the 
composition of nutrients in the food

 
per 100 g. For even 

the coating data sheets, we had the help of investigators 
trained for the occasion.

 
g)

 
Anthropometric Analyses

 Data from anthropometric measurements were 
analyzed using WHO (2007) standard references. 
Nutritional state indicators used were Body Mass 
Indices (BMI) for age, weight for age, height for age Z-
scores. By the use of the indicator's above Z-score 
results, percentages of stunted, wasted, overweight and 
normal children were calculated. The overall prevalence 
rates of malnutrition were obtained by setting the 
threshold of normality to -2 z-scores below the baseline 
average for indicators P/A and T/A and 2 z-scores above 
the average reference indicator for BMI/A. Serum 
albumin concentrations of the children were compared 
according to their nutritional status. Food composition 
tables published by Kana Sop et al. (2008) and 
Nutrisurvey 2007 software were used to calculate and 
estimate the energy and micronutrients intakes of dishes 
consumed by any of the enrolled subjects. The results 
then were compared with the requirement or daily 
recommended values. We used two methods to 
develop the list of food types. First, we used the method 
reported by Block et al., 1998 and modified by 
Kobayashi el al (2010) and ranked all of the reported 
food types according to the contribution analysis. We 
were especially interested in the total energy, protein 
and calcium, magnesium, phosphor, zinc, copper and 
iron. The percentages were calculated by dividing the 
nutrient contents of each food type by the total nutrient 
amounts. All of the food types that contributed at least 
0.15% to the total energy and nutrients were combined. 
In addition, we excluded food types eaten by fewer than 
15 subjects.
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III. Statistical Analyses 

Mean and standard deviation of the height and 
weight measurements and serum albumin concentration 
were determined using Graph pad prism version 5. 
Significance was considered with p≤ 0.05. 

IV. Results and Discussions 

In this study, male sex was the most 
represented with 136 boys against 119 girls. Sixty seven 
percent (67%) of children live in families with at least five 
individuals. In addition, nearly 78.6% of mothers of 
investigated children had primary level of education 
against only 21.4% for secondary school level and 
beyond (table 1). Table 2 shows mean weights and 
heights of the children ranged from 19.2 ± 3.1 to 36.5 ± 
8.0 kg and 108.7 ± 5.3 to 143.6 ± 7.8 cm respectively. 
Evolution of height and weight of these children shows 
that there growth faltering in many cases (table 2). 

Prevalences of various nutritional disorders 
encountered in the study population were 18.0 % for 
stunting, 5.1 % for underweight and 1.6 % for overweight 
(table 3). These prevalences were much lower than 
those of children under 5 years in Cameroon according 
to the ESDCIII (2004). These results showed a decrease 
of nutritional disorders with age in Cameroon. No 
significant difference (p> 0.05) between age of children 
suffering from stunting (9.5 ± 1.8 years), low weight 
(10.2 ± 2.4 years) and overweight (9.0 ± 1.4 years) 
were observed. From the children suffering from 

nutritionals disorders, height and weight were lower than 
that of normal children. On the number of children with 
wasting and overweight, girls were most affected with 
respectively 53.84 and 75% of cases (Table 4). The 
content of serum albumin of children who are 
underweight was the lowest (31.2 ± 2.9 g / l) and below 
standard (35-55 g/l) recommended by the assay 
method (table 4). Serum albumin levels of all children 
except of those suffering of wasting were in the normal 
range (table 4). Boys took between 89.5% and 100.6% 
of their daily energy requirement and girls between 
100.9% and 114.1%. Mean daily protein intake of the 
Children was above 50% for all the children. However 
their daily calcium, magnesium, potassium, zinc, and 
iron intakes were below the daily requirement values. 
Copper intakes of 10-12 years children were above 
requirement for all the two sexes. The food type intake 
frequencies were classified into many levels linking 
consumption mode. For example, we used seven (i.e., 
everyday, 5-6 times per week, 3-4 times per week, 1-2 
times per week, 2-3 times per month, 1 time per month, 
or never); eight ("2-3 times per day” was added to seven 
categories); nine ("4-5 times per day” was added to 
eight categories) and eleven ("8-10 times per day”, “6-7 
times per day” were added to nine categories) 
according to general intake frequency of each food 
type. The estimation of portion size was classified into 
six categories referring to the photographs in full-scale 
size; that is, one-third, one-half, the same amount, 1.5 
times, twice, and other. 

Table 1 : Characteristics of the study population 

Parameters Effective Frequency (%) 
Sex   
Male 136 53.3 
Female 119 46.7 
Age (years)   
6-10               163 63.9 
10-14 years 92 3.1 
Size of household   
< 5 persons 84 33 
≥ 5 persons 168 67 
Mothers instruction level 252  
Primary  198 78.6 
Secondary and beyong 54 21.4 
M= Male; F= female, SD= Standard Deviation 

Table 2 : Mean weights, heights and Body Mass Indices (BMI) of the 6-14 years old children 

Age 
(years) 

Sex Number Mean weight 
(± SD) (Kg) 

Mean height 
(± SD) (cm) 

BMI (± SD) (Kg/m²) 

6 M 
F 

11 
9 

19.2 ± 3.1 
18.3 ± 2.6 

110.2 ± 6.3 
108.7 ± 5.3 

15.7 ± 1.9 
15.2 ± 2.6 

7 M 
F 

14 
18 

22.5 ± 3.0 
21.3 ± 3.5 

118.4± 5.5 
116.5 ± 5.3 

16.5 ± 1.2 
15.3 ± 1.8 

8 M 
F 

20 
21 

25.4 ± 4.5 
25.8 ± 3.2 

121.7 ±10.6 
123.9 ± 4.5 

16.8 ± 2.7 
16.9 ± 1.3 

9 M 
F 

39 
31 

26.6 ± 3.2 
27.4 ± 5.2 

126.3 ± 6.9 
128.6 ± 7.2 

17.0  ± 1.9 
16.2 ± 2.2 
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10 M 
F 

24 
14 

29.2 ± 4.3 
27.4 ± 2.5 

130.8 ± 4.8 
129.7 ± 4.3 

16.9  ± 0.9 
16.0  ± 0.7 

11 M 
F 

24 
19 

32.0 ± 5.1 
33.0 ± 7.4 

134.0 ± 4.7 
134.1 ±11.8 

17.8 ± 1.3 
18.3 ± 2.1 

12 M 
F 

3 
6 

36.3 ± 5.0 
36.5 ± 8.0 

138.6 ± 10.9 
143.6±7.8 

19.2 ± 1.4 
17.8 ± 1.7 

13 M 
F 

1 
1 

30.0 ± 0.0 
36.0 ± 0.0 

131.0± 0.0 
143.0 ± 0.0 

17.5 ± 0.0 
17.6 ± 0.0 

Total  255    

Figures are means ± standard deviation (SD); SD=Standard Deviation F= Famale; M= Male; BMI= Body Mass 
Indices. 

Table 3 : Percentage of children classified as normal, wasted, stunted, underweight and overweight 

Indicators
 Normal 

<-2 SD, >+2SD 
Wasting 
≤- 2SD 

Stunting 

≤- 2SD 
Underweight 

≤- 2SD 
overweight 

≥ + 2SD Total
 

Weight for age 94.5 (241) 51 (13) -  0.4 (1) 100 (255) 

Height for age 81.6 (208) - 18 (46)  0.4 (1) 100 (255) 

BMI for age 96.47 (246) - - 1.96 (5) 1.6 (4) 100 (255) 
        

The numbers in brackets represent the number of subjects. SD= Standard Deviation
 

Table 4 :
 
Characteristics of children according to their nutritional status

 

Parameters                                                                     Group
 

 
Normal (n=192)

 
Stunting (n=46)

 
Wasting (n=13)

 
Overweight (n=4)

 
P 

Individuals factors
 

Mean age (years)
 

8.8 ± 1.5 ª
 

9.5 ± 1.8 ª
 

10.2  ± 2.4 ªb
 

9.0 ± 1.4 ª
 

* 
Mean weight (Kg)

 
28.0 ± 9.3ªb

 
24.7 ± 5.9ª

 
21.4 ± 5.6ª

 
34.0 ± 7.8 b

 
** 

Mean height (cm)
 

127.9 ± 9.3 b
 

118.5 ± 10.8 ªb
 

117.0 ± 12.4 ªb
 

129.0 ± 7.7 b
 

* 
Sex  distribution

 

Female %
 

Male %
 45.4

 

54.6
 43.47

 

5.53
 53.84

 

46.16
 75

 

25
 

 

NR
 

Serum albumin  levels (g/l)
 

48.7 ± 11.1b
 

38.1 ± 7.7a
 

31.2 ± 2.9 a
 

46.2 ± 2.1ªb
 

*** 
n= number of subjects.

 

* = Significant at P <0.05
 

** = Significant at P <0.01, 
 

*** =Significant at P <0.001, NR = not relevant.  
Figures in the same line carrying the same superscript letters are not significantly different at least at p≤0.05.

 

Table 5
 
: Estimated daily energy and nutrient intakes of 6 - 14 years old children compared with FAO/WHO (1990) 

daily needs
 

Sex

 

Nutrients/Age

 
Age 
(yrs)

 Energy 
(kcal)

 Protein 
(g)
 Ca (mg)

 

Mg (mg)

 

P (mg)

 
Zn 

(mg)
 Cu 

(mg)
 Fe (mg)

 

Female

 
Mean daily intake

  

6-9 
1916.6±241.4

 
38.6±11.3

 
275.7±45.9

 
103.3±9.7

 
320.6±25.4

 
3.7±0.9

 
1.16±0.3

 
3.74±0.7

 

FAO/WHO  daily  needs
 

1900
 

34
 

800
 

200
 

3800
 

9 0.75
 

8 
%  of coverage

 
100.9

 
113.3

 
34.5

 
51.6

 
8.4
 

41.1
 

154.6
 

37.4
 

Average daily intake
  

10-12
 2172.9±308.1

 
40.2±84

 
194.9±18.4

 
108.0±13.7

 
274.2±29.2

 
4.7±1.1

 
2.5±0.6

 
4.1±0.9

 

FAO/WHO daily  needs
 

1905
 

49
 

1200
 

280
 

4500
 

12
 

0,77
 

10
 

%  of coverage
 

114.1
 

82.0
 

16.2
 

38,.5
 

6.0
 

39.2
 

324.6
 

51.2
 

Male

 
Average daily intake

  

6-9 
1700.9±129.3

 
31.2±10.5

 
355.3±54.2

 
106.3±19.3

 
324.7±47.5

 
2.9±0.6

 
0.4±0.03

 
3.8±0.09

 

FAO/WHO  daily  needs
 

1900
 

34
 

800
 

200
 

3800
 

9 0,75
 

8 
%  of coverage

 
89.5

 
91.7

 
44.4

 
53.2

 
8.5
 

32.2
 

53.3
 

38
 

Average
 

daily intake
  

10-12
 2133±419.6

 
42.2±10.5

 
196±33.4

 
100.3±22.1

 
316.6±50.4

 
4.6±1.3

 
1.9±0.02

 
3.7±0.04

 

FAO/WHO  daily  needs
 

2120
 

48
 

1200
 

280
 

4500
 

12
 

0,73
 

10
 

%  of  coverage
 

100.6
 

87.9
 

16.3
 

35.8
 

7.0
 

38.3
 

260.2
 

46.2
 

  Macronutrients and micronutrients intake levels were estimated from Kana Sop et al. (2008)
 

 

It was observed that children diet was very 
monotonous. Stunting and falter growth observed may 
be due to poor knowledge on optimal feeding. Intakes 
of nutrients estimated by weighed foods dairy record 

(WDR) showed very insufficient coverage of daily needs 
apart for energy. We used weighed foods dairy record 
(WDR) for easy estimation of nutrients intakes. 
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WDR is quantified either by weighing or 
determining volumes using a household measuring tool, 
such as standard measuring cups and spoons, and a 
ruler for measuring dimensions. Usually, general WDR 
performers weigh the raw ingredients (Buzzard, 1998), 
but we were interested by the weight of eaten portions of 
the meals. We used a digital cooking scale as an index 
of the size of the dish. Energy, protein, was calculated 
directly. To obtain the necessary open-ended data from 
children, we conducted our WDR personally. Even if 
energy needs were meeting globally, the recipes were 
imbalanced in tem of macronutrients contribution to 
energy intakes. The fact that in this study, male group 
was the most represented with 136 boys against 119 
girls may be linked to ignorance. Girls are always in high 
number than boys in our society. However, girls drop 
out from school earlier to help household activities. In 
poor families, when funds lack, parent preferred to send 
boys at school (ESDCIII, 2004). Sixty seven percent 
(67%) of children live in families with at least five 
individuals and this condition was linked to poor growth.  
The number of children and the family size was inversely 
correlated malnutrition indicators. According to Emel et 
al., (2005) household size has a very big influence on 
young children nutritional state. There is therefore 
competition on the household's financial resources 
which could affect the nutritional status of children living 
in poorest families were also most malnourished. 
According to Madginzira et al., (1995), the educational 
level of mothers is very important especially when living 
conditions are difficult. Poverty and malnutrition form a 
vicious cycle. Poverty prevents individuals to access 
good nutrients sources. For example, meat, fishes and 
animal foods sources are very rich in bioavailable 
minerals, but it is very inaccessible to poor population. 
They are forced to consume mainly vegetal foods that 
contain many antinutritional substances that inhibit 
micronutrients bioavailability and sometimes 
micronutrients digestibility. Illiteracy is another 
underlying factor of poor feeding. Individuals in these 
cases are limited in knowledge and cannot master 
optimal feeding. 

It is well known that those stunted children 
would have poor school result as they may be usually ill. 
Malnourished children tend to start school later, 
progress less rapidly, have lower attainments, and 
perform less well on cognitive achievement tests, even 
into adulthood. These indirect effects of malnutrition on 
productivity are substantially more than the direct effects 
of height on schooling and hiring. Malnourished children 
may receive less education than their well-nourished 
peers for a number of reasons. Caregivers may invest 
less in their education or schools may use physical size 
as a rough indicator of school readiness, and thus bar 
children of short stature from entering school at the 
appropriate age. Malnourished children are also sick 
more often and so absent more often, and learn less 

well when they are in school. Studies showed that 
delayed entry to school leads to lower expected lifetime 
earnings because of fewer years in the workforce 
(Behrman et al., 2004). In addition to its impact on adult 
productivity through less schooling, severe malnutrition 
also affects learning capacity or cognitive development 
directly, with consequent impact on schooling 
productivity and labor productivity. Birth weight and 
breast-feeding both correlate with cognitive 
development; malnourished children perform poorly on 
cognitive tests, have poorer psychomotor development 
and fine motor skills, have lower activity levels, interact 
less frequently with their environments and fail to 
acquire skills at normal rates (Grantham-McGregor et 
al., 1999).  

Stunting prevalences were still high in these 
group affecting mostly boys. Similar results were found 
by Wamani et al. (2007) in Congo, in children less than 5 
years. In fact, malnutrition that start during preschool 
age is usually not corrected among affected children 
that are exposed to the same food habits. However, the 
stunting rate is lower than those found in preschool 
infant (ESDC, 2004). As indicated earlier, growth deficits 
in the first 2 to 3 years of life are only partially regained 
during childhood and adolescence, particularly when 
children remain in poor environments. Stature at age 3 is 
strongly correlated with attained body size in adulthood 
in several countries (Martorell et al., 1994; Simondon et 
al., 1998). 

Actions need to be taken because affected 
children may have poor scores in school and are more 
exposed to diseases. The synergy between malnutrition 
and infectious diseases is well established (Schrimshaw 
et al., 1968). In a widely quoted study, Pelletier et al. 
(1995) estimated that 56% of child deaths can be 
attributed to the potentiating effect of malnutrition 
(including low birth weight), with most of those deaths 
linked to mild or moderate malnutrition, rather than 
severe malnutrition. Although severely malnourished 
children are more likely to die, they are far fewer in 
number. Children with mild, moderate or severe 
malnutrition would be, respectively, 2.5, 4.6 and 8.4 
times more likely to die than children whose weights are 
within the normal range for their ages. Not only a 
significant proportion of child can deaths from common 
infectious diseases be attributed to malnutrition 
(measles, 44.8 %; malaria, 7.3 %; diarrhea, 60.7 %; and 
pneumonia, 52.3 %) but malnutrition also increases the 
likelihood of having an attack of malaria, diarrhea or 
pneumonia (but not measles) (Caulfield et al., 2004). 
There is also increasing evidence that fetal malnutrition 
predisposes to the metabolic syndrome later in life 
(Barker, 1998). This result suggests that boys recover 
less of their growth retardation with age.  

The contents of serum albumin of children who 
were underweight were low (31.2 ± 2.9 g / l) and below 
standard (35-55 g / l) (table 4). Serum albumin levels of 
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all children except those affected by wasting were in the 
normal range. However, the children suffering from 
nutritionals disorders have their heights and weights 
lower than those of normal children. This decrease was 
also reported by Diouf et al., 2000; Simpore et al., 2009 
in children suffering from severe malnutrition, and Yapi 
et al., (2010) among children under 5 years suffering 
from moderate or minor malnutrition.  

Coverage of energy by boys ranging between 
89.5% and 100.6% of their daily energy requirement 
where lower than those of girls, ranging between 100.9% 
and 114.1%. This may be explained by the fact that girls 
eat more frequently than boys. No matter the age group 
considered, girls energy intake was above WHO (1985) 
and FAO (1990) standard. This observation could be 
due to the high number of snack found in their diaries. 
Most of their proteins intakes were from plant foods but 
there are some good nutritionally combinations they 
make in the area that can help in improving the quality of 
their protein intake. For example, plant foods like beans 
were being prepared with animal foods like dried fish. 
Vegetables and cereals were usually blended together 
in their meals and this combination gives protein of very 
high quality. Calcium, magnesium, potassium, zinc and 
iron intakes were low in the diet of these children. The 
problem with  micronutrients like calcium, iron, zinc, 
magnesium and copper from plant sources is poor 
bioavailability because of phytates and fibres contains of 
plants (Kana Sop et al., 2008 Kana Sop et al., 2012). 
Another explanation of the low intake of minerals was 
poor consumption of vegetables and fruits, poor 
consumption of animal foods and practices in 
preparations process in the area (these include, 
reheating of vegetables in meals several times before 
consumption, fruits and vegetables of exposure to some 
degree of sun-drying before eating). 

This study highlights types and causes of 
nutritional problems in the area of Makèpè Missokè. 
Stunting, wasting and overweight were the physical 
forms of malnutrition identified in that area. Besides 
macronutrients, there were poor intakes of 
micronutrients due to inappropriate feeding linked to 
poor knowledge of available foods and poverty. The 
solution therefore remains the intensification of nutrition 
education, dietary diversification and fortification, 
optimal processing, post harvest improvement in 
storage and handling techniques. 
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Comparative Study of Diallyl-Disulphide and 
Dipropyl-Disulphide in Experimental 

Atherosclerosis 
Govindaswamy. K.S.α, Basavaraj B. Devaranavadagi σ, Kashinath. R .T. ρ & Nagendra. S. Ѡ   

Abstract - Diallyl disulphide, the principle organosulphur 
compound of garlic oil, is known to possess many clinical 
beneficial effects, but its overuse or abuse has been reported 
to cause certain harmful side effects due to its possible 
metabolite acrolein.  It was thought that the disulphide nature 
of diallyl disulphide is responsible for its hypolipidemic effect 
and the unsaturation may be for its toxic effects. Recently few 
synthetic disulphides are successfully employed in 
experimentally induced hyperlipidemia. The present study was 
under taken to compare the hypolipidemic as well as toxic 
effects of saturated disulphide, Dipropyl disulphide with Diallyl 
disulphide. The atherogenic diet fed male albino rats were 
given orally 100mg/kg body weight of disulphide (DADS or 
DPDS) for 60 days, later the rats were sacrificed and the 
plasma lipid profile, glycoproteins, calcium and transaminases   
were estimated. The aortic homogenates were employed for 
the estimation of thiobarbituric acid reactive substances and 
total sulphhydryl group. The results indicate a significant 
hypolipidemic effect with dipropyl disulphide with a 
comparative lower toxic side effect. It is concluded that DPDS 
is much safer and equally good hypolipidemic agent in 
experimentally induced hyperlipidemia in albino rats. 
Keywords : diallyl disulphide, dipropyl disulphide, 
atherosclerosis, lipid profile, acrolein. 

I. Introduction 

arlic and its extracts are known to have proved 
hypolipidemic as well as anti atherosclerotic 
effects1. The principle organo sulphur 

compound, Diallyl disulphide (DADS) is thought to be 
responsible for the hypolipidemic and hypocholester-
olemic effects of garlic2. However few recent studies 
have  shown  that    Garlic  and DADS May induce certain 
 
 
 
Author α : PhD.  Former Research Scholar, Biochemistry Department, 
Ambedkar Medical College, Bangalore, Presently Associate Professor, 
Department of Biochemistry, Shimoga Institute of Medical Sciences, 
Shimoga.  E-mail : ksgovindaswamy@rediffmail.com 
Author  σ : Former PG in Biochemistry, J N Medical College, Belguam, 
Presently Associate Professor, Department of Biochemistry, B.M. Patil 
Medical College, Bijapur. 
Author ρ : Ph.D. Formerly. Prof. & Head, Biochemistry, Ambedkar 
Medical College, Bangalore, Presently Professor and Head, 
Department of Biochemistry, Subbaiah Institute of Medical Sciences & 
Research Centre, Shimoga. E-mail : drkashinath_1945@ yahoo.co.in  
Author Ѡ : MBBS, MD. Former Staff, Medicine Department, K M C, 
Manipal, Presently Medical Director, Subbaiah Institute of Medical 
Sciences & Research Centre, Shimoga.  
E-mail : smcshimoga@yahoo.co.in  

biochemical toxic effects like increased in blood urea 
levels, increased  plasma transaminases levels3  as well 
as increased TBARS production4. It was presumed that 
the disulphide nature of DADS is responsible for its 
hypolipidemic and hypocholesterolemic effects where 
as the unsaturation or allyl groups present in DADS may 
be responsible for its toxic effects. Further a few 
synthetic disphulphide have been employed with 
moderate success in regulating hyperlipidemia1. 

The present study was under taken to compare 
the hypolipidemic as well as toxic effects of saturated 
aliphatic low molecular weight disulphide 
Dipropyldisulphide (DPDS) with Diallyl dispulphide 
(DADS).  

II. Materials & Methods 

All the chemicals employed in the present study 
were of Analer (AR) Grade DADS & DPDS were 
procured from sigma Aldrich Company, USA.

 

a)
 

Atherogenic Diet
 

The atherogenic diet to feed & to induce 
atherosclerosis in male albino rats was prepared by 
mixing whole milk powder, dalda (vegetable ghee) and 
pure cholesterol in the ratio of 1:0.5:0.1 with an extra vit 
D2

 
supplement of 4 mg/100 g.

 

b)
 

Experimental Animals
 

Male albino rats of 6 to 8 weeks old weighing 
150 g -

 
200 g were selected randomly for the present 

study from the animal house of Dr. B.R. Ambedkar 
Medical College Bangalore, upon approval of the 
committee of ethics in animal experimentation 
(132/1999/CPSEA). These rats were kept on stock 
laboratory diet (Amruth rat feed Nava maharatara 
Chakan

 
oil Ltd. Pune.) and tap water adlibitum. 

 

i.
 
Group-1 (Normal group)

 

Consisting 6 male albino rats fed stock 
laboratory diet and given orally 30 ml of normal saline 
per kg body weight daily for 60 days.

 

ii.

 
Group-2 (Control group)

 

Consisting 6 male albino rats fed atherogenic 
diet adlibitum for 60 days and given normal saline 30 ml 
per kg body weight daily.

 
 
 

G 
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iii. Group-3 (DADS Protective group)  
Consisting 6 male albino rats maintained on 

atherogenic diet adlibitum for 60 days and given 100 mg 
of DADS as 30 ml warm aqueous solution/kg body 
weight for 60 days using gastric tube. 

iv. Group-4 (DADS Curative group)  

Consisting 6 male albino rats maintained on 
atherogenic diet adlibitum for 60 days and later given 
100 mg of DADS as 30 ml warm aqueous solution/kg 
body weight daily for next 60 days using gastric tube. 
During DADS feeding, the rats were maintained on stock 
laboratory diet, water was provided adlibitum to all these 
rats always.  

v. Group-5 (DPDS Protective group)  

Consisting 6 male albino rats maintained on 
atherogenic diet adlibitum and were given 100 gm 
DPDS as 30 ml warm aqueous solution/kg body weight 

for 60 days using gastric tube. 

vi.
 
Group-6 (DPDS Curative group)

 

Consisting 6 male albino rats maintained on 
atherogenic diet adlibitum for 60 days and later given 
100 mg of DPDS as 30 ml warm

 
aqueous solution/kg 

body weight daily using gastric tube for next 60 days. 
During DPDS feeding, the rats were maintained on stock 
laboratory diet and tap water, water was provided 
adlibitum to all these rats always.

 
The rats of the group 

1.2,3 & 5 were sacrificed by decapitation on the 61st
 
day 

and the rats of group-4&6 were sacrificed by 
decapitation on the 121st

 
day. Blood samples were 

collected using heparin as anti coagulant. The blood 
samples were centrifuged at 3600rpm for 5 minutes, the 
separated plasma were employed for estimation of total 
lipids (TL)5, triacyl glycerol (TAG)6, total cholesterol (TC) 
7
 
phospholipids (PL)8 HDL cholesterol9, free fatty acid 

(FFA)10, esterified fatty acid (EFA)10, calcium 11, 
glycoprotein12, fibrinogen12, lipoperotein lipase13, 
aspartate amino transferase (AST)14, and alanine amino 
transferase  (ALT)14 . Aorta was procured and put into a 
pre weighed dry watch glass.

 

A portion of aorta was immediately fixed in 
buffered formalin and was employed for 
histopathological study.

 

A second portion of aorta was homogenized 
with chloroform methanol (1:1v/v) mixture and the 
extracts were used for estimation of lipid parameters. 
(TL, TAG, TC & PL).

 

A third portion of aorta was homogenized with 
5% cold TCA and the extracts were used for the 
estimation of thiobarbituric acid reactive substances 
(TBARS)15.

 

A fourth portion of aorta was homogenized with 
phosphate buffer (pH

 

7.4) and the extracts were used for 
the estimation of total protein16

 

(TP) and total sulphydryl 
groups17

 

(SH).

 
 
 

  

Data obtained were analyzed comparing the 
results of groups using students ‘t’ test. Probability 
values less than 0.02 were considered as significant. 

IV. Results 

Results obtained in the present study are given 
in table 1 & 2 as well as in  figure 1-6.The plasma levels 
of TL, TAG, TC, PL, HDL- cholesterol, EFA, FFA, 
calcium, glycoprotein, fibrinogen, LPL, AST & ALT in 
normal group (group 1), control group (group 2), DADS 
protective group (group 3), DADS curative group (group 
4), DPDS protective group (group 5) and DPDS curative 
group (group 6) are given in table 1. As seen from the 
table there is a significant rise in plasma lipid levels in 
control group as compared to normal group whereas a 
significant decrease is observed in DADS Protective 
group, DADS curative group, DPDS protective group 
and in DPDS curative group as compared to control 
group suggesting that both DADS and DPDS have a 
significant lipid lowering effect in atherogenic diet fed 
rats. 

Table-2 narrates aortic levels of  TL,  TAG, TC, 
PL, TBARS, SH groups and TP (Total protein) in normal, 
control, DADS protective, DADS curative, DPDS 
protective and DPDS curative group of rats. 

It is seen from the table-2 there is a significant 
rise in aortic levels of TL, TAG, TC, PL and TP in control 
group as compared to normal group suggesting feeding 
atherogenic diet leads to accumulation of lipids and 
proteins in aorta. These values are significantly reduced 
in DADS protective, DADS curative DPDS protective and 
DPDS curative group establishing that feeding DADS 
and DPDS decreases the accumulation of lipids in aorta. 

The aortic TBARS levels decreased and total SH 
group – increased in DADS protective, DADS curative, 
DPDS protective & DPDS curative group as compared 
to control group as seen from Table 2. 

Figures 1-6 shows the histopathological 
findings of aortic cross section (H &E stain) of normal, 
control, DADS protective, DADS curative, DPDS 
protective and DPDS curative group of rats. It is evident 
from table 1 all the lipid parameters except HDL 
cholesterol are increased in control group as compared 
to normal group. These parameters were significantly 
reduced in DADS protective, DADS curative, DPDS 
protective and DPDS curative group of rats compared to 
control group establishing both DADS and DPDS has 
hypolipidemic effects. Further a raise in Glycoprotein 
and Fibrinogen levels seen in control group as 
compared to normal group. Whereas feeding DADS & 
DPDS significantly reduces these values in protective as 
well as curative group as compared to control groups. 
The plasma AST and ALT levels are elevated in control 
group as compared to normal group showing a 
possibility of tissue damage. 
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The  histological  aortic  cross  section  of group  
1-6 rats are given in figures 2-6. It is evident from the 
figures that there is an accumulation of lipids in aortic 
walls in control group (ref fig-2) as compared to normal 
group (ref fig-1). Further there is a significant decrease 
in this accumulation in both protective (ref fig 3 & 5) as 
well as curative groups (ref fig 4 & 6)  

 V.  Discussion 

The optimum dosage of DADS (100 mg/kg 
body weight) or DPDS (100 mg/kg body weight) 
employed in the present study clearly establishes the 
hypolipidemic, hypocholesterolemic and anti-
atherosclerotic effects of these disulphides. A significant 
reduction is observed in both plasma and aortic lipids in 
DADS protective group (group 3), DADS curative group 
(group 4), DPDS protective group (group 5) and in 
DPDS curative group (group 6) as compared to 
antherogeinc diet fed control group (group 2) as evident 
from the tables 1 & 2. Further it is established by the 
histological studies of the aortic sections of these group 
of rats (fig 3-6) that both these disulphides have  
significant antiatherosclerotic effects in atherogenic diet 
fed rats (ref fig 2) . It has been repeatedly established by 
the earlier workers18 that garlic has hypolipidemic, 
hypocholesterolemic and anti atherosclerotic effects19 

and the possible constituent of garlic bringing up this 
effect is DADS, as it is known that DADS is the principle 
organo sulphur compound of garlic oil20.  

Both DADS and DPDS are disulphides and 
similar to any other disulphide may undergo 
degradation to their respective thiols utilizing NADPH 21. 
This leads to the depletion of cellular available NADPH 
levels and affects the synthesis of fatty acid, fats and 
cholesterol as their synthesis requires NADPH22 hence 
resulting in a decrease in the plasma and aortic tissue 
lipid parameters including cholesterol as observed in 
DADS   or   DPDS   treated   atherogenic   diet   fed rats 
(group 3, 4, 5 & 6) as compared to control atherogenic 
diet fed rats (group 2). 

HMG CoA reductase is the key enzyme of 
cholesterol biosynthetic and it is known that DADS has 
significant inhibition action against this enzyme 19, 23. 
Through such an inhibition DADS can effect lowering of 
plasma as well as aortic cholesterol levels as evident 
from the result given in table 1 & 2. DPDS being a 
disulphide may induce inhibition of HMG CoA reductase 
similar to DADS, hence causing a significant lowering of 
cholesterol levels in plasma & in aorta (refer table).  

It is known that disulphide can undergo 
sulphydrly exchange reaction with tissue proteins and 
thiol enzymes as depicted below- 

R - S – S – R + ENZ – SH   R – S - S – ENZ + R - SH 

DADS and DPDS are disulphides and may 
possibly undergo similar sulphydrly exchange reactions 
with the tissue proteins as well as thiol enzymes. Such a 
possible sulphdrly exchange reaction with Fatty acid 
synthase, HMG CoA reductase, glycerol phosphate 
dehydrogenase, squalene synthase and squalen 
oxidase leading to a conformational change in these 
enzymes resulting in a possible inhibition of these 
enzymes thereby causing in a significant reduction in 
fat, fatty acid and in cholesterol synthesis21.  

The atheromatus plaques in blood vessels are 
produced by an over accumulation of certain proteins 
and calcium as well as cholesterol24.

 

The disulphide, 
DADS and DPDS significantly lowers the plasma levels 
of calcium, glycoproteins and fibrinogen in DADS as well 
as DPDS treated groups (group 3 & 4, group 5 & 6) as 
compared to control group (group 2). Suggesting that 
these disulphides promote a decrease in the plasma 
levels of calcium, glycoprotein’s and fibrinogen thereby 
reduces their accumulation in the intima of blood 
vessels resulting in showing down of atheromatous 
plaque formation. This is evidenced by the histological 
aortic cross section of these rats (ref. fig 1-6) It is clear 
from these histological findings that both DADS and 
DPDS not only slow down the atheromatus plaque 
formation in treated groups (group 3, 4, 5 & 6) but also 
favors    regression   on   the    atherosclerotic    plaques 
(fig 3 & 4). 

Lipoprotein lipase, also known as clearing 
factor, helps in the clearing of triacylglyerols from 
plasma. The activity of this enzymes is significantly 
higher both group 3 & group 4 as compared to group 2 
suggesting that both DADS & DPDS improves clearing 
of plasma triacylglycerols  hence favours reduction in 
plasma / aortic tracylglycerols which is evident from the 
results given in table 1 & 2 . The disulphide DADS and 
DPDS might have undergone a sulphydryl exchange 
reaction with the lipoprotein lipase probably activating 
the enzyme or increasing the lifespan of the enzyme 
resulting in a significant reduction in plasma/ aortic 
triacylglycerol levels.  

This observed reduction in plasma and tissue 
triacylglycerol levels may be in part due to a possible 
sulphydryl exchange reaction of these disulphides with 
glycerol phosphate dehydrogenate thus resulting in a 
partial inhibition of the enzyme leading to a decreased 
glycerol phosphate formation hence a decreased 
triacylglycerol production. 

The observed in the present study clearly 
established that DPDS, a saturated, water soluble, well 
tolerated disulphide has a significant comparable 
hypolipidemic, hypocholesterolemic and antiathe-
rosclerotic actions in atherogenic diet fed rats (ref. table. 
1, 2 & fig 1-6). 

Recently it has been shown by many workers25 

that feeding garlic extracts or garlic oil to experimental 
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animals do induce certain biochemical abnormalities like 
increases in blood urea levels increases in serum 
Bilirubin levels, elevation is serum transaminases3 etc. 
Feeding 100mg/kg body weight garlic oil go an 
overnight fasted rat proved fatal and the cause of death 

was acute pulmonary edema3.These findings of garlic oil 
attributed to its organosulphur compound, DADS. 

The disulphide DADS may undergo catabolism 
in tissues to give rise to allyl mercaptan which might 
have converted to acrolein by an unknown mechanism. 
 

DADS.                               Allyl mercaptan.                                 Acrolein 

     NADPH        NADP                       H S 

The toxicity of DADS been evidenced by a 
significant rise on aortic TBARS levels (ref. table 2) 
whereas the increases in aortic TBARS levels is 
comparatively lower in DPDS treated atherogenic diet 
fed rats (ref. table 2). 

Hence it is concluded by the results of the 
present experiments that DPDS is much safer, well 
tolerated and better hypolipidemic compound as 
compared to garlic principle, DADS. 
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Table 1 : Table  showing the plasma levels of TL, TAG, TC, PL, HDL – Cholesterol, FFA, EFA, LPL, Calcium, 
Glycoprotein Fibrinogen, AST & ALT in normal rats (group-1), in atherogenic diet fed rats (groups-2),  in rats fed 
atherogenic diet  and given  diallyl disulphide daily (DADS protective group-3), in atherosclerotic rats fed diallyl 
disulphide daily  (DADS curative group-4), in  rats fed atherogenic diet and given dipropyl disulphide daily (DPDS 
protective group-5) and in atherosclerotic rats fed dipropyl disulphide daily(DPDS curative group-6). 

Analyte
 

Group 1
 

(Normal)
 Group 2

 

(Control)
 

Group 3 
(DADS 

Protective) 

Group 4
 

(DADS Curative)
 

Groups5 
(DPDS 

Protective) 

Groups6 
(DPDS 

Curative) 

Total lipids (mg %) 303.5±17.9 610.0±79.9** 354.1 ±13.6*** 374.9 ± 8.9*** 321.3±17.8*** 342.2±18.5*** 

Triacylglyceol (mg%) 102.3±0.55 206.9±3.4*** 118.3 ± 0.81***
 

122.0 ± 1.12** 112.7±0.98*** 119.5±0.41*** 

Total Cholesterol 
(mg%)  

136±2.55 296.5±3.3*** 140.4 ± 2.54*** 143.2 ± 1.65*** 137.1±2.54*** 139.9±1.7*** 

Phospholipids (mg%) 17.4±1.35 41.0±5.5** 18.4±0.68*** 24.40.±26*** 17.8±0.36*** 20.4±0.26*** 
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HDL cholesterol 
(mg%) 

6.5±1.43 33.63±0.9 
 

56.3±0.8** 51.6±0.59*** 59.1±0.47*** 55.2±0.2** 

Free fatty acids 
(Meq/L) 

0.312±0.02 0.836±0.02** 0.48±0.024*** 0.496±0.027** 0.488±0.013*** 0.504±0.024*** 

Esterifed fattyacids 
(mmol/hr) 

440.6±13.5 646.3±13.7*** 438.3±2.7* 449.9±4.12*** 435.6±2.6*** 446.2±9.15*** 

Lipoprotein lipase 
(mmol/ml/hr) 

17.1±0.17 7.9±0.1*** 18.2 ± 0.9*** 14.8 ± 0.2*** 17.6±0.4*** 16.3±0.7*** 

Calcium (mg%) 9.8±064 18.3±1.62*** 10.2 ± 0.59** 11.9 ± 0.64*** 9.5±1.0*** 10.2±2.66*** 
Glycoprotein (g/L) 1.28±0.1 4.4±0.26*** 1.37 ± 0.1** 1.69 ± 0.01** 1.21±0.05*** 1.48±0.03*** 

Fibrinogen (g/L) 3.06±0.058 9.1±0.8*** 3.8 ± 0.80*** 4.2 ± 0.1*** 3.4±0.1*** 4±0.9** 
AST (U/ml) 15.3±0.35 22.8±0.62*** 26.5±0.61*** 30.7±0.15*** 31.7±0.1*** 34.3±0.17*** 
ALT (U/ml) 12.4+0.45 18.2±0.17*** 24.5±0.22*** 26.6±0.81** 25.1±0.26*** 27.1±0.1** 

 
  
  
 

 

Table 2

 

: Table showing the plasma levels of TL, TAG, TC, PL, HDL –

 

Cholesterol, FFA, EFA, LPL, Calcium, 
Glycoprotein Fibrinogen, AST & ALT in normal rats (group-1), in atherogenic diet fed rats (groups-2), in rats fed 
atherogenic diet and given  diallyl disulphide daily(DADS protective group-3), in atherosclerotic rats fed diallyl 
disulphide daily  (DADS curative group-4),

 

in rats fed atherogenic diet and given dipropyl disulphide daily (DPDS 
protective group-5) and in atherosclerotic rats fed dipropyl disulphide daily(DPDS curative group-6).

 
 

Analyte

 

Group 1

 

(Normal)

 
Group 2

 

(Control)

 
Group 3(DADS

 

Protective)

 
Group 4 (DADS

 

Curative)

 
Group 5

 

(DPDS

 

Protective)

 Group 6

 

(DPDS

 

Curative)

 

Total lipids (mg/g)

 

53.5 ±1.78

 

104.0 ± 4.47***

 

55.3 ± 3.5***

 

57.0 ± 4.7**

 

54.1±2.7***

 

56.5±2.7***

 

Triacylglycerol (mg/g)

 

38.6 ± 0.15

 

78.0 ± 0.30***

 

41.6 ± 0.55***

 

43.3 ± 0.80***

 

39.6±0.73***

 

42.8±0.21***

 

Total cholesterol 
(mg/g)

 
17.3 ± 0.50

 

40.5 ± 0.65***

 

20.6 ± 0.80***

 

24.6 ± 0.3***

 

18.6±0.3**

 

22.±0.55***

 

Phospholipids (mg/g)

 

19.3±0.25

 

42.±0.2**

 

22.4±0.25*

 

24±0.76***

 

19.9±0.3***

 

22.8±0.6**

 

Total proteins (mg/g)

 

49.4±0.55

 

109.9±0.78*

 

51.7±0.36**

 

53.1±0.55***

 

49.9±0.4***

 

52.5±0.86***

 

TBARS (µmolMDA/g)

 

4±0.26

 

10.4±0.26***

 

11.7±0.25**

 

12.5±0.26***

 

6±0.27***

 

6.8±0.28**

 

SH group (µmol/g)

 

63±0.51

 

30.7±0.2***

 

40.1±0.57***

 

42.±0.2***

 

56.2±0.45**

 

54.6±0.25**

 

          Note:

 

                            1.

 

Values are expressed as mean ±SD.

 

                            2.

 

No. of animals in each group is 6.

 

                            3.

 

Group 2 is compared to Group 1, Group 3 to 6 are compared to group 2.

 

                            4.

 

Significance levels: *P < 0.02; **P < 0.01;***,

 

P <0.001.

 
 
 
 
 
 
 
 
 
 

Comparative Study of Diallyl-Disulphide and Dipropyl-Disulphide in Experimental Atherosclerosis

© 2013   Global Journals Inc.  (US)

Note: 
1. Values are expressed as mean ±SD.
2. No. of animals in each group is 6.
3. Group 2 is compared to Group 1, Group 3 to 6 are compared to group 2, Significance levels: *P < 0.02  

**P < 0.01 *** P <0.001.
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the physico-chemical characterization of the different systems were investigated two different methods of 
preparation were used, in the first method the liposome were prepared simultaneously with the DNA 
entrapped into the liposome and in the second method, the liposome were prepared first and then 
complexes with the DNA were performed. The liposome formulations were composed of DOTAP: 
Cholesterol; and DC-Chol: DOPE and different lipid helpers. The particle size of liposomes prepared with 
DNA entrapped into the liposome was larger than those prepared with liposome-DNA complexation. All 
liposome formulations were spherical, uniform in size and have smooth surface. In vitro DNase digestion 
experiments demonstrated that liposome protects 60-80% plasmid DNA from DNase digestion. The 
plasmid: DNA lmediated liposome can be widely prepared, have less risk than the use of viral vectors, 
can protect DNA from DNase digestion, none toxic and therefore can be used repeatedly in vivo. 
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Mediated Liposome for Gene Delivery to Mice 
Brain Part I. Design and Characterization of 

Liposome-DNA Complexes 
Dr. Evone S. Ghaly α, J. Wang σ & E.S. Ghaly ρ  

Abstract - The purpose of this research is to develop a novel 
liposome-mediated system for delivery of expression plasmid 
into specific regions in the rat brain. Complexes of plasmid 
DNA and different liposome were prepared in phase 1 of the 
study.  The composition, method of preparation were varied 
and the physico-chemical characterization of the different 
systems were investigated two different methods of 
preparation were used, in the first method the liposome were 
prepared simultaneously with the DNA entrapped into the 
liposome and in the second method, the liposome were 
prepared first and then complexes with the DNA were 
performed.  The liposome formulations were composed of 
DOTAP: Cholesterol; and DC-Chol: DOPE and different lipid 
helpers.  The particle size of liposomes prepared with DNA 
entrapped into the liposome was larger than those prepared 
with liposome-DNA complexation.  All liposome formulations 
were spherical, uniform in size and have smooth surface.  In 
vitro DNase digestion experiments demonstrated that 
liposome protects 60-80% plasmid DNA from DNase 
digestion.  The plasmid: DNA lmediated liposome can be 
widely prepared, have less risk than the use of viral vectors, 
can protect DNA from DNase digestion, none toxic and 
therefore can be used repeatedly in vivo.                                                                
Keywords : mediated liposomes; gene delivery; 
targeting; gene expression; plasmid-DNA expression; 
targeting to  mice brain. 

I. Introduction 

iposomes are self-closed spherical particles where 
one or several lipid membranes encapsulate (s) 
part of the solvent in which they freely float into 

their interio (1-5). Liposome (6) is distinguished by large 
multilamellar vescicles (MLV) and unilamellar vesicles 
which can be small (SUV), large (LUV) or giant 
unilamellar vesicles (GUV). 

The major purpose of gene therapy is to deliver 
genetic material into target cells to rproduce specific 
therapeutic proteins needed to correct or or to modulate 
disease. However, developing appropriate biothera-
peutics, such as plasmid-based gene expression 
vectors delivered successfully to the target cell is one of  
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the major practical problem in gene therapy today (7). 
Approaches available for introduction of DNA into cells 
include viral transduction or plasmid transfection.  These 
systems are effective for the expression of a variety of 
trangenes in brain issues.  However, several technical 
problems are associated with issues such as 
immunogenicity, scale up, random integration and 
cellular tropism, which may limit them as therapeutic 
agents (8). 

Many efforts have been devoted to the 
development of non-viral delivery due to the 
disadvantages of viruses used for gene delivery (9-12).   
Cationic liposomes have several attractive features as 
as vectors for gene transfer:  They are non-
immunogenic and non-toxic; cationic liposome as DNA 
carriers can transfect postmitotic, non-dividing cells 
including neurons; cationic liposome can deliver 
multiple genes of any type (linear or super coiled) 
nucleic acid and finally, cationic liposome are relatively 
simple to prepare and can be administered to the body 
by different several routes. 

Gene therapy is potentially powerful method for 
treatment of neurological diseases for which classical 
pharmacotherapy is unavailable or not easily applicable 
(13-14). Transfection within the brain has distinct 
advantages over other administration sites. The post-
mitotic stage of nature neurons may prolong transgene 
expression.  Moreover, the liquid volume in which in 
which the delivery vectors needs to be distributed and 
the metabolism of the plasmid can be limited because 
of the lack of major clearance mechanisms, such as 
those in the liver or kidney.  In addition the cerebrospinal 
fluid has limited nuclease activity as compared to 
plasma and thus provides for longer half-life of the 
administered DNA in the nervous system (15). 

The hypothesis of this investigation is that 
mediated liposome-DNA complex may protect the DNA 
from degeneration by DNase; use of cationic mediated 
liposome for targeting plasmid DNA is more safe, non-
toxic compared to the use of viral vector.  Also, the intra-
hipocampus infusion of liposome-DNA complex may 
leads to DNA expression in specific brain region.  The 
overall goal of this research is to develop a novel 
liposome mediated system for delivery of expression 
plasmids into specific brain regions in the rat. The 
specific objectives of this study are to prepare different 
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liposome formulations; use B-galactosidase reporter 
plasmid construct; determine complexation between 
cationic liposome formulations and the plasmid-DNA; 
and examine the efficiency of the mediated liposome to 
protect DNA plasmid from DNase digestion.  

II. Experimental and Methods 

a)
 

Materials
 

DOTAP,
 

N-[1{2,3-deoxypropyl]-N,
 

N,
 

N trime-
thyl ammonium.,  lot No. 181TAP-65, Avanti Polar Lipids, 
AL, USA.; DOPE, dioleoyl phosphatidylethanolamine, lot 
No. 181PE-228, Avanti Polar Lipids, AL, USA.; DC-Chol., 
3B-(N,N,N,-dimethylaminoethane}-carbimol}cholesterol, 
lot No. 017H8476, Sigma, MO, USA.; Cholesterol, lot 
No. 96H8476, Sigma, MO, USA; Protamine sulfate, lot 
No. 02K7400,

 
Sigma, MO, USA; pSV-B-Galactosidase 

control vector, lot No. 12706113, Promoga Corporation, 
Madison, USA; XL-10-GoldR

 
, ultracomponent cellls, 

Stratagene Services, USA; Turbo DNase, Ambion Inc., 
USA; WizardR

 
PlusMaxipreps DNA Purification System, 

lot No. 241531, Promega Corporation, Madison, USA.   
All other ingredients are of chemical grade.  

 

b)
 

Methods
 

i.
 
Plasmid Preparation

 

a.
 

Transformation of XL-10-GoldR

 
ultracompetent 

cells with plasmid pSV-pSV-B-Galactosidase.  
Plasmid psV-B-Galactosidase contains SV40 
early promoter and enhancer drive transcription 
of the lacZ gene, which encodes the B-
Galactosidase enzyme.  The plasmid was 
propagated in XL-10-GoldR

 
ultracompetent cells 

(Stratagene) following the manufacturer’s 
instruction.

 

b.
 

Production and purification of plasmid pSV-
Galactosidase.  The pSV-B-Galactosidase was 
purified by WizardR

 
PlusMaxipreps DNA 

purification system following the manufacturer’s 
instruction.

 

ii.
 
Design of Liposome and Preparation of Liposome-
pSV-B-Galactosidase Complex

 

a.
 

Preparation of liposomes containing DOTAP 
and cholesterol with

 
DNA entraped in the 

liposome
 

A mixture of DOTAP and cholesterol at 1:1 
molar ratio (8.38 mg DOTAP and 4.64 mg of cholesterol 
was dissolved in 12 ml chloroform.  The organic solvent 
was removed using rotary evaporator at 400C and 
vaccum for 2 hours.  The thin layer of lipid film formed 
on the wall of the flask was hydrated using 1 ml of 5% 
dextrose solution containing

 
1 mg of DNA and 0.6 mg of 

protamine sulfate.  The mixture of the hydrated thin film 
of the lipids and DNA was agitated by vortexing for 30 
seconds and then incubated at 370C for 30 seconds.  
This process was repeated 8 times (n=8).  The 

liposome suspension was sonicated for 20 seconds and 
vortexed for 30 seconds.  

b. Preparation of liposome containing DOTAP and 
cholesterol 

The cationic DOTAP was mixed with cholesterol 
at equimolar concentration (8.38 mg DOTAP with 4.64 
mg cholesterol).  The mixture of lipid was dissolved in 
HPLC grade chloroform using 1 litre round bottom flask.  
The organic solvent was evaporated using rotary 
evaporator at 300C for 30 minutes and then dried under 
vacuum for 15 minutes. The dried thin film was hydrated 
in 5% dextrose solution to give a final concentration of 
20 mM DOTAP and 20 mM cholesterol (20 mM DOTAP-
Cholesterol). The hydrated lipid film was agitated in a 
water bath at temperature of 500C for 45 minutes and 
then at 350C for 10 minutes.  The mixture was covered 
and kept overnight at room temperature.  After 24 hours, 
the mixture was sonicated for 10 minutes at 500C.  
DOTAP-cholesterol liposome (75 ul) was mixed with 
protamine sulfate (30 ug) and the mixture was kept at 
room temperature for 10 minutes before use.  75 ul of 
plasmid DNA (0.6 ug/ul) was slowly added while stirring 
and the mixture was incubated at room temperature for 
10 minutes before use.  The final concentration of DNA 
was 0.3 ug/ul. 

c.
 

 

DC-chol-DOPE cataionic liposomes were 
prepared by mixing DC-Chol and DOPE at 1.5:1 molar 
ratio (6.37 mg DC-Chol and 6.13 mg DOPE).  The 
mixture of the two lipids was dissolved in HPLC grade 
chloroform.  The organic solvent was evaporated in a 
rotary evaporator at temperature of 550C for 60 minutes, 
then dried under vacuum for 30 minutes.  The film was 
hydrated in 5% dextrose solution to give a final 
concentration of DC-Chol:DOPE liposome (1.25 mg/ml).  
The hydrated film was agitated in a water bath at 550C 
for for 45 minutes and 

 
at 350C for an additional 10 

minutes and the mixture was kept overnight at room 
temperature.  After 24 hours, the mixture was sonicated 
for 5 minutes at 500C, transferred to a tube and heated 
at 500C for 10 minutes.  Then the mixture, was extruded 
through

 
a Millipore

 
filters in a descending order of 1

 
um, 

0.45 um, 0.2 um, 0.1 um using syringe.  Portion of the 
liposome that did not pass through 0.1 um filter was 
heated again at 500C for 5 minutes before passing 
through a new 0.1 um filter.  The filtered fractions were 
stored under argon gas at 40C.  75 ul of Plasmid DNA 
(0.6 ug/ul) was added slowly while stirring to equal 
amount of DC-Cho:DOPE liposome and the mixture is 
incubated at room temperature for 10 minutes before 
use.  The final concentration of DNA

 
is 0.3 ug/ul.
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Preparation of liposomes containing DC-Chol 
and DOPE

K



 

The particle size was determined by Malvern 
particle size diffraction analyzer using a scale constant 
of 300 nm, the laser beam passed through the

 

liposome 
dispersion and the light scattered was measured in 19 
to 30 seconds.  A blank of distilled water was used.

 

b.

 

Morphology of liposome and plasmid DNA 
complex using scanning electron microscope 
(SEM)

 

The liposomes were coated with conducted film 
into pin mount and

 

tighten.  The image appeared on the 
screen after clicking on beam and high voltage /xKV 
buttoms. The brightness and the magnification were 
adjusted and the image was saved. 

 

iv.

 

DNase digestion study

 

Four reactions were performed:

 

Components                   Reaction 1         Reaction 2        Reaction 3      Reaction 4

 

pSV-B-Gal                              N/A                  N/A                  1.5 ug             N.A

 

pSV-B-Gal  lipos.complex    N/A                   5 ul                   N/A                5 ul

 

DNase reaction buffer           100 ul              100 ul                100 ul            100 ul

 

DNase                                    3 ul                     3 ul                N/A                 N/A

 

All mixtures were incubated for 2.5 hours at 
370C and 100 um of 1:1 phenol:chloroform mixture was 
added, mixed gently and centrifuged at 14,000 rpm for 4 
minutes at room temperature.  The supernatant was 
transferred to tube and mixed with 100 ul chloroform 
and centrifuged at 4,000 rpm for 4 minutes at room 
temperature.  The supernatant was removed and the 
pellets were washed with 70% alcohol and dried.  The 
DNA was dissolved in 50 ul buffer.  Aliquots of plasmid 
DNA were analyzed using

 

agarose gel electrophoresis 
and UV spectrophotometer.

 

III.

 

Results and Discussion

 

In phase 1 study, the plasmid DNA was 
successfully encapsulated into different liposome 
formulations and or formed DNA:liposome complexes.  
The liposome formulations prepared were containing 
DOTAP and cholesterol with entrapped DNA; DOTAP 
and cholesterol and DC-Chol:DOPE liposomes 
complexes with DNA.  All liposomes were cationic, 
DOTAP and DC-Chol are two cationic lipids and they 
provided a positive charge for the liposome.   They

 

are 
considered to be as a lipids helper.  Cholesterol was 
also used as an alternative lipid helper

 

that resulted in 
more stable complexes than those containing DOPE.

 

Two manufacturing methods were also used to 
prepare the liposomes. In the first method, plasmid DNA 
solution was used to hydrate the lipid film and the lipids 
formed the bilayers membrane while the DNA was 
encapsulated into the liposomes. In the second method, 
after preparation of the liposome, a complex is formed 
between the DNA and the liposome. The first method 
gave better entrapment efficiency of DNA and better 
protection of the DNA.

 

The particle size of the different mediated 
liposome-DNA systems are shown in Table 1.  The 
particle sizes for all formulations were

 

larger than 
expected (50 nm –

 

200 nm).  Liposome prepared with 

DOTAP-Cholesterol have the largest particle size while 
liposome prepared with DC-Chol:DOPE were of the 
smallest particle size.

 

Figures 1 and 2 show the surface morphology 
of liposome prepared with DOTAP:Cholesterol and 
entrapped DNA. The liposomes appear to be spherical 
and of smooth surface.

 

Figure 3 shows the electrophoresis spectra of 
free liposome; DNA s and DNA encapsulated liposome 
after exposure to DNase enzyme.  Adding DNase to free 
DNA

 

resulted in complete degradation of DNA while 
DNA encapsulated liposome was not affected by 
DNase, indicating that the liposome

 

was able to protect 
the DNA. Tables 2 to 4 show that the recovery of 
efficiency of the DNA from DNA entrapped liposome 
was between 67% to 83% using UV spectrophotometer.  
The lost quantity of DNA was due to the difficulty of 
avoiding loss during the extraction and the precipitation 
processes.    The particle size was large when DNA was 
entrapped into the liposome. This may be due to that 
the hydration of lipid with DNA solution resulted in 
formation of very heterogeneous population with 
possible large size.  On the other hand when liposome 
was first made and then complexed with DNA, it is 
assumed DNA and cationic liposome aggregate

 

because of electrostatic attractive forces and formation 
of

 

small stoichiometric complexes. 

 

IV.

 

Conclusions

 

Mediated liposomes with entrapped DNA lipid 
or liposome complexes with DNA plasmid were

 

successfully prepared.  Liposome prepared with DC-
Chol: DOPE complexes with DNA were the smallest in 
size

 

while liposome prepared with DOTAP:Cholesterol 
and entraped DNA plasmid into liposome gave the 
highest efficiency entrapment and best protection of 
DNA against DNase digestion.  The composition of the 
liposome and the method of preparation have an effect 
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Table 1 :

 

Mean Particle Size of the Different Mediated 
Liposome-DNA Systems

 

Formulations

 

Mean Particle Size ib 
nm (n=3)

 

DOTAP:Cholesterol with DNA 
Entrapped in the Liposome 

 

512.5

 

DOTAP:Cholesterol Liposome 
Complexes with DNA

 

723.7

 

DC-Chol:DOPE Liposome 
Complexes with DNA

 

309.8

 

 

Quantitative Analysis of DNA in DOTAP:Cholesterol with Entraped DNA to the Liposome Using Ultra Violet 
Spectrophotometer

 

Samples

 

Initial Quantity (ug)

 

Mean Final Quantity in 
ug (n=3)

 

Percent Efficiency

 

Free DNA

 

1.50

 

1.15

 

83.33

 

Free DNA Treated with DNase

 

1.50

 

0.04

 

2.89

 

DNA Entraped

 

in Liposome

 

1.50

 

1.06

 

70.7

 

DNA Entraped in Liposome treated 
with DNase

 

1.50

 

0.91

 

60.9
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Table 2 :

on the physico-chemical properties of the liposome.   All 
mediated liposome formulations showed spherical 
particles and smooth surface.  The mediated liposomes 
were able to protect DNA against DNase digestion and 
degradation. 

K



 

Treated with DNase

 
 

Table 4 :

 

Quantitative Analysis of DNA in DC-Cholesterol:DOPE liposome Complexes with DNA Using Ultra Violet 
Spectrophotometer

 

Samples

 

Initial Quantity 
(ug)

 

Mean Final Quantity 
in ug (n=3)

 

Percent Efficiency

 

Free DNA

 

1.50

 

1.15

 

76.5

 

Free DNA Treated with

 

DNase

 

1.50

 

0.00

 

0

 

DC-Chol:DOPE Liposome Complexes with 
DNA

 

1.50

 

0.042

 

70.2

 

DC-Chol:DOPE Liposome Complexes with 
DNA and Treated with DNase

 

1.50

 

0.033

 

55.2

 

Figure 1 : Scanning Electron Microscope for DOTAP:Cholesterol Liposome Complexes with DNA at low 
Magnification
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Table 3 : Quantitative Analysis of DNA in DOTAP:Cholesterol Liposome Complexes with DNA Using Ultra Violet 
Spectrophotometer

Samples Initial Quantity 
(ug)

Mean Final Quantity 
in ug (n=3)

Percent 
Efficiency

Free DNA 1.50 1.18 78.5
Free DNA Treated with DNase 1.50 0.03 2.0
DOTAP:Cholesterol Liposome Complexes with DNA 1.50 0.83 66.1
DOTAP:Cholesterol Liposome Complexes with DNA and 1.50 0.78 52.3

K



 

 
Figure 2 : Scanning Electron Microscope for DOTAP:Cholesterol Liposome Complexes with DNA at High  

Magnification 
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Figure 3 : Agarose Gel Electrophoresis Analysis 

Lane 1 : Molecular Weight Marker 

Lane 2 : Free DNA 

Lane 3 : DNA Treated With DNase 

Lane 4 :  Liposome:DNA Complexes 

Lane 5 :  Liposome:DNA Complexews Treated with DNase 
  

Lane 1          Lane 2      Lane 3      Lane 4      Lane 5       
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Evaluation of the Protective Properties of 
Amlodipine, on Cisplatin Induced Cardiotoxicity 

in Male Rats
Dr. Ammar Abdulkareem Hadi α & Prof. Dr. Sabah N. Al-Thamir σ

Abstract - This study was aimed to evaluate the cardiotoxicity 
of cisplatin in rats and to investigate the cardioprotective effect 
of amlodipine on cisplatin treated rats by using cardiac 
biomarkers troponin, CK-MB. Thirty five healthy male swiss 
albino rats were used in this study. The study design was 
divided into two patterns:  

Pilot study design: The animals were randomly 
divided into two groups, In the first treated group, all rats 
received cisplatin in a single dose, while in the second treated 
group, rats received cisplatin in four divided doses every 2 
days.   

Active study design: The animals were randomly 
divided into 3 groups (7 rats/ group) and treated as follows:-  
a- Normal saline (N.S) treated group. b- Cisplatin treated 
group. c- Amlodipine treated group with cisplatin. Blood 
samples were collected and used to determine the biomarkers 
serum troponin, CK-MB. The result from pilot study shows that 
in cisplatin treated groups (single dose) serum troponin, CK-
MB are not significantly change with control group. While, 
when we give cisplatin in multiple doses, there is a significantly 
increase in serum troponin, CK-MB. Amlodipine show a potent 
cardioprorective effect against cisplatin cardiotoxicity. 
Keywords : cisplatin, amlodipine, cardiotoxicity, 
troponin, CK-MB. 

I. Introduction 

 

 
  

  
 

 
 

           
 
 
Author α σ : Faculty  of Pharmacy, Babylon University. 

 
 

 

 

 
 

 

  

 

II.

 

Subject and

 

Methods

 

a)

 

Animals

 

This study was carried out at animal house in 
college of medicine Babylon University in May 2012.  A 
total of 35 adult male Albino Swiss rats aged 16 -

 

24 
weeks with body weight of (170 –

 

255g) were used. The 
animals were obtained from Animal Resource Centre, 
College of Veterinary Medicine/ Baghdad University. The 
animals were apparently healthy and they were housed 
in individual cages at temperature controlled 
environment (25±5◦C) with an ambient humidity. Lights 
were maintained on a 12-h light/dark cycle. The rats 
received standard chow diet with water

 

(ad libitum). 
Rats used in the study were maintained and handled in 
accordance with the Guide for the Care and Use of 
Laboratory Animals USA (1996). 
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ardiotoxicity is the most feared adverse effect of 
anticancer therapy, due to the fact that life 
expectancy obtained as a result of the anticancer 

treatment, may be reduced by the death rate 
determined by cardiac problems arising as a 
consequence of the treatment(1) cisplatin is an 
antineoplastic drug widely used for the treatment of 
several human malignancies (as standard component of 
treatment regimens) including bladder cancer(2) cervical 
cancer(3), non-small cell lung cancer(4) ovarian cancer(5)

squamous cell carcinoma of the head and neck(6)

testicular cancer(7). Nephrotoxicity of cisplatin was the 
main complication of cisplatin(8). Earlier studies reported 
cardiotoxicity with cisplatin treatment(9). Cisplatin 
cardiotoxicity can present in a number of ways. 
However, the most serious complication of the toxicity 
includes electrocardiographic changes, arrythmias, 
myocarditis, cardiomyopathy and congestive heart 
failure(10)(11). Several investigators hypothesized that the 

C

oxidative stress mechanism of cisplatin induced toxicity 
is related to:

K

a. Many studies found that rats treated with cisplatin 
show significant elevation in plasma, heart, kidney 
and liver thiobarbituric acid reactive substances 
(TBARS) while the activities of antioxidant enzymes 
(SOD and CAT) and the levels of glutathione (GSH) 
were decreased. (12)

b. Many report show that treatment of rats with 
cisplatin results in a significant increase in NO 
production in the cardiac tissues (10).

i. Pilot study design
After 4 weeks acclimatization period, the 

animals were randomly divided into 2 groups each of (7 
rats/group) and treated as follows:

In the first treated group, all rats received 
cisplatin (10 mg/kg, i.p.) in a single dose, while in the 
second treated group, all rats received cisplatin 
(10mg/kg, i.p.) in four divided doses every 2 days.

ii. Active study design  
After 4 weeks acclimatization period, the 

animals were randomly divided into 6 groups (7 rats/ 
group) and treated as follows:

The study design was divided into two patterns: 



 
  

 

 
 

 

a.

 

Normal saline (N.S) treated group  
All rats of this group received normal saline 

(1ml/kg, orally) by oral gavages once daily for 14 days.

 

b.

 

Cisplatin treated group  
All rats of this group received cisplatin 

(10mg/kg, i.p.) in 4 divided doses.

 

c.

 

Amlodipine treated group (5mg/kg) plus 
cisplatin

 

All rats of this group were given amlodipine 
(5mg/kg, orally) by oral gavages once daily for 14 days 
before and during cisplatin (10mg/kg, i.p.) injection 
regimen.

 

b)

 

Sample collection and preparation

 

After 24hr from the last injection of any 
treatment, the rats were anesthetized with phenobarbital 
(50mg/kg) subcutaneously. Blood samples (3ml-5ml) 
were   obtained from each rat by an intra cardiac 
puncture(18).

 

Each blood sample

 

was placed in a plain 
tube and left for 15 - 20 minutes at room temperature for

 

promote blood coagulation. Serum was obtained after 
centrifugation at 3000 rpm for 10 minutes and preserved 
at -20 °C   until   the  

 

determination   of 

 

serum troponin 
I, CK-MB. 

c)

 

Statistical analysis of data

 

Statistical analyses were performed using SPSS 
version 18(19)

 

computer program. Independent sample t 
test was used to compare means between two groups. 
Data are expressed as means ± standard deviation 
(M±SD). The (p<0.05) level of probability was chosen 
as a criterion for the lowest level of significance.

 

III.

 

Results

 

a)

 

The effect of cisplatin (10mg/kg, i.p. single dose)  
on rats serum troponin concentration

 

The administration of cisplatin (10mg/kg, i.p. in 
single dose) showed no significant increase in serum 
troponin concentration of treated rats (0.063µg/l ± 
0.005) when compared with that

 

of the control group 
(0.05µg/l ± 0.005).

 
 
 

b)

 

The effect of cisplatin (10mg/kg, i.p. in 4 divided 
doses) on rats

 

serum troponin concentration

 

The administration of cisplatin (10mg/kg, i.p. in 
4 divided doses) significantly (p<0.001) increased 
serum troponin concentration of treated rats (1.49µg/l ± 
0.1) when compared with that

 

of the control group 
(0.05µg/l ± 0.005), figure 1.

 

c)

 

The effect of amlodipine (5mg/kg, orally) on 
cisplatin treated (10mg/kg, i.p in 4 divided doses) 
rats serum troponin concentration

 

The administration of amlodipine in a dose 
(5mg/kg, orally) once daily for 2 weeks before and 
during cisplatin (10mg/kg, i.p.) administration, 

significantly (p<0.001) reduced serum troponin 
concentration of treated rats (0.09µg/l ± 0.04) when 
compared with cisplatin treated groups (1.49µg/l ± 0.1) 
figure 2.

 

d)

 

The effect of cisplatin (10mg/kg, i.p. single dose)  
on rats serum CK-MB concentration

 

The administration of cisplatin (10mg/kg, i.p., 
single dose) showed no significant increase in serum 
CK-MB concentration of treated rats (26.48 IU/l ± 1.13) 
when

 

      compared 

 

    

 

with       the  

 

  

 

control  

 

    group 
(23.36 ± 1.89 IU/l).

 

e)

 

The effect of cisplatin (10mg/kg, i.p. in 4 divided 
doses) on

 

rats serum CK-MB concentration

 

The administration of cisplatin

 

(10mg/kg, i.p. in 
4 divided doses) significantly (p<0.001) increased 
serum CK-MB concentration of treated rats (98.26I U/l ± 
5.15) when compared with the control group (23.36 ± 
1.89IU/l), figure 3. 

f)

 

The effect of amlodipine (5mg/kg orally) on cisplatin 
treated (10mg/kg, i.p in4 divided doses) rats serum 
CK-MB concentration  

 

The administration of amlodipine in a dose 
(5mg/kg, orally) once daily for 2weeks before and during 
cisplatin (10mg/kg, i.p.) administration, significantly 
(p<0.001) reduced serum CK-MB concentration of 
cisplatin treated rats (29.06IU/l ± 2.2) when compared 
with cisplatin treated groups

 

(98.26IU/l ± 5.15) figure 4. 

 

IV.

 

Discussion

 

Renal toxicity of cisplatin was insured by many 
authors such as(20)(21). The main mechanism behind this 
selective organ toxicity is the generation of free radicals 
such as (¬ O2.-, HO., NO) which in turn damaged the 
renal tissues. However, cisplatin cardiotoxicity was rarely 
indicated. In our pilot study, we follow cisplatin induced 
toxicity as it was introduced by(22). Our results showed a 
high mortality rate due to renal toxicity rather than 
cardio-toxicity as indicated by the normal levels of 
cardio-selective markers (CK-MB and Troponin) unlike 
the results of(22). From the results presented in this study, 
we can confirm the resistibility of cardiac tissues to the 
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K

free radical generating property of cisplatin when 
administered in a high dose/ single shoot. This cardiac 
resistibility was not insured when the drug cisplatin 
administered in a low dose but with more frequency and 
duration. These results are consistent with studies  
presented by(22)(23)(10), although they used a different 
protocol in the dose, frequency of administration  and 
the duration (10 mg /kg, 7 mg /kg, 7 mg /kg i.p, all in 
single dose) respectively.

It seems obviously, that the oxidative stress 
plays an important role in the mediation of cardiotoxicity 
and this in return would influence the levels of serum 
cardiac markers. This fact had been proven by many 



 

 

 

worker such as (22),

 

(23),

 

(10).

 

The proposed mechanism of 
induced cardiotoxicity of cisplatin could be explained as 
in the following: During the physiological process, the 
mitochondrial respiratory chain continuously generates 
ROS. Approximately 2% of the electrons which flow 
along the respiratory chain escape from the chain and 
partially reduces molecular oxygen, originating 
superoxide anion (O2−•).  Superoxide anion, the 
precursor of most of the reactive oxygen species 
generated in mitochondria as for example hydroxyl 
radicals HO(24)(25).

 

An efficient mitochondrial antioxidant 
defense system maintains the balance between ROS 
generation and detoxification. Cisplatin unbalances the 
oxidant–antioxidant ratio by (i) Augmenting ROS 
generation, mainly hydroxyl radical and (ii) Inhibition of 
the antioxidant defense system which are SOD, CAT 
and GSH(26))27). These radicals can evoke extensive 
tissue damage, reacting with membrane lipids, proteins 
and nucleic acids. This will lead sequencelly to an 
increase in leakage of cardiac enzymes such as CK-MB 
and troponin I, which were released from damaged 
myocytes and considered as sensitive indicators of 
cardiac injury(24)(28).

 

Also, when cisplatin generates 
reactive oxygen species, it triggers the opening of the 
mitochondrial permeability transition pore that permits 
the release of cytochrome c from mitochondria to 
cytosol and hence it will activate the mitochondrial 
dependent pathway leading to apoptosis(29)(30).

 

Additionally, once in a cell, cisplatin is equated into a 
highly reactive form, which can rapidly react with the 
thiol-containing molecules namely glutathione.  
Depletion of glutathione and related antioxidants by 
cisplatin shifts the cellular redox status, leading to the 
accumulation of endogenous reactive oxygen species 
within the cells(31).

 

The decline in GSH level in cisplatin-
treated rat resulted in an enhanced lipid peroxidation 
which is supported by an increment in

 

MDA could be 
another pathway for the cardiac cells damage(32).

 

The results of this study confirm the protective 
activity of the calcium channel blocker ; amlodipine 
(5mg/kg, orally) as indicated by the levels of studied 
serum

 

cardiac biomarkers In fact, the protective effect of 
amlodipine can be explained according to its antioxidant 
property which was previously provoked by(33)(34). 
Amlodipine antioxidant activity could be related to its 
endogenous property as a dihydropyridine compound 
(physicochemical properties) which has a reductant 
nature or hydrogen donor properties, respectively – The 
ability of donating protons and electrons to the lipid 
peroxide molecules, thereby blocking the peroxidation 
process(33). Also, the antioxidant activity of amlodipine 
was attributed to both of its high lipophilicity and a 
chemical structure that facilitates proton-donating and 
resonance-stabilization mechanisms that turn off the 
free radical reaction(34).

 

V.

 

Conclusion

 

1.

 

Low doses of cisplatin with more frequency

 

and 
duration can induce cardiotoxicity rather than high 
dose/single shoot. 

 

2.

 

Oxidative stress has a role in cisplatin induced 
cardiotoxicity. 

 

3.

 

The protective effect of amlodipine is evident by the 
significant reduction in serum troponin, CK-MB. 
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Figure 1 : The effect of cisplatin (10mg/kg,   i.p. in 4 divided doses) on rats serum troponin concentration  

 

(p < 0.001)

  

Figure 2 : The effect of amlodipine (5mg/kg, orally 2weeks before and during cisplatin administration) on rats

 

serum 
troponin concentration (p < 0.001 versus cisplatin treated groups)
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Figure 4 : The effect of amlodipine (5mg/kg, orally 2weeks before and during cisplatin administration), on rats  serum 
CK-MB concentration  ( p < 0.001 versus cisplatin treated groups)
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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). 
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(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. 
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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. 
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months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
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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 
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You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.



 

 

   

 

 
 

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. 
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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. 



 

  

 
 

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. 
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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.  



 

 

   

 

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. 
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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.



 

  

 
 

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. 
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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 



 

 

   

 

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. 
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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 

                   



 

  

 
 

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. 
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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 



 

 

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. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present 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. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    



 

Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  



 

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 
decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 
appropriate content, Correct 
format. 200 words or below 

Unclear summary and no 
specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 
information

Above 250 words

Introduction

Containing all background 
details with clear goal and 
appropriate details, flow 
specification, no grammar 
and spelling mistake, well 
organized sentence and 
paragraph, reference cited

Unclear and confusing data, 
appropriate format, grammar 
and spelling errors with 
unorganized matter

Out of place depth and content, 
hazy format

Methods and 
Procedures

Clear and to the point with 
well arranged paragraph, 
precision and accuracy of 
facts and figures, well 
organized subheads

Difficult to comprehend with 
embarrassed text, too much 
explanation but completed 

Incorrect and unorganized 
structure with hazy meaning

Result

Well organized, Clear and 
specific, Correct units with 
precision, correct data, well 
structuring of paragraph, no 
grammar and spelling 
mistake

Complete and embarrassed 
text, difficult to comprehend

Irregular format with wrong facts 
and figures

Discussion

Well organized, meaningful 
specification, sound 
conclusion, logical and 
concise explanation, highly 
structured paragraph 
reference cited 

Wordy, unclear conclusion, 
spurious

Conclusion is not cited, 
unorganized, difficult to 
comprehend 

References
Complete and correct 
format, well organized

Beside the point, Incomplete Wrong format and structuring
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Acrolein · 13, 19 
Albuminemia · 1 
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Biophysical · 28 
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Estimation · 4, 5, 13, 15 
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Glycoprotein · 16, 20, 21 
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Incubated · 24, 25, 26 
 

 

L
 

Liposome
 
· 22, 24, 26, 27, 28, 29, 30, 31, 32

 

M
 

Magnesium
 
· 3, 4, 8

 

Malnutrition
 
· 1, 2, 3, 6, 7,

 
8, 9, 10, 11

 

Mediated
 
· 22, 24, 26, 27, 28, 29, 30, 31, 32

 

N
 

Nutritional
 
· 1, 3, 4, 5, 6, 8, 9, 10, 12

 

Nutritionnelles
 
· 11

 

O
 

Obviously
 
· 36

 

Oxidative
 
· 33, 36, 39

 

P
 

Pediatrics
 
· 9, 11

 

Plasmid
 
· 22, 23, 24, 25, 26, 27, 28

 

Pneumonia
 
· 7, 9

 

Protective
 
· 15,

 
16, 33, 35, 37, 39, 41, 42

 

S
 

Significantly
 
· 5, 16, 17, 33, 35, 36

 

T
 

Tolerated
 
· 17, 19

 

Troponin
 
· 33, 35, 36, 37, 41

 

 

  

W
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· 3, 5, 15
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