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By Dr. Shiferaw Mulugeta, Feyisa Begna, Ephrem Tsegaye 
 Jimma University College of Agriculture and Veterinary Medicine (JUCAVM) 

 
Abstract – A cross-sectional study was carried out from November 2009 to march 2010 on 
bovine fasciolosis in and around Assela and at Assela municipal abattoir to assess its prevalence 
and economic importance. From total of 400 cattle examined coprlogically 45.25 % (181) were 
found positive for fasciolosis. The prevalence of bovine fasciolosis was higher in male cattle than 
females and also higher in younger cattle (> 3 yrs) than older ones (> 5 yrs). The prevalence of 
bovine fasciolosis in the study sites was significantly (p<0.05) affected by sex, age and months 
of the year, however, its prevalence was not significantly (p>0.05) affected by body conditions. 
Post mortem examination was done on a total of 183 cattle and 34.97% were found infected with 
Fasciola at Assela municipal Abattoi. F. hepatica was found to be the predominant facsiola 
species causing bovine fasciolsis in the study areas. The economic significance of bovine 
fasciolosis was also assessed from condemned liver and carcass weight loss. Thus based on 
the retail value of bovine liver and 1kg of beef the total annual economic loss from fasciolosis 
during the study time was estimated to be 698,700.6 Eth. Birr (51,909.4 USD).  

Keywords : Assela, Bovine, Economic significant, Fasciola, Prevalence. 
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Prevalence of Bovine Fasciolosis and its 
Economic Significance in and Around Assela, 

Ethiopia Shiferaw Mulugeta, Feyisa Begna, 
Ephrem Tsegaye 

 

 - A cross-sectional study was carried out from 
November 2009 to march 2010 on bovine fasciolosis in and 
around Assela and at Assela municipal abattoir to assess its 
prevalence and economic importance. From total of 400 cattle 
examined coprlogically 45.25 % (181) were found positive for 
fasciolosis. The prevalence of bovine fasciolosis was higher in 
male cattle than females and also higher in younger cattle (> 
3 yrs) than older ones (> 5 yrs). The prevalence of bovine 
fasciolosis in the study sites was significantly (p<0.05) 
affected by sex, age and months of the year, however, its 
prevalence was not significantly (p>0.05) affected by body 
conditions. Post mortem examination was done on a total of 
183 cattle and 34.97% were found infected with Fasciola at 
Assela municipal Abattoi. F. hepatica was found to be the 
predominant facsiola species causing bovine fasciolsis in the 
study areas. The economic significance of bovine fasciolosis 
was also assessed from condemned liver and carcass weight 
loss. Thus based on the retail value of bovine liver and 1kg of 
beef the total annual economic loss from fasciolosis during the 
study time was estimated to be 698,700.6 Eth. Birr (51,909.4 
USD).  
Keywords : Assela, Bovine, Economic significant, 
Fasciola, Prevalence.  

I.  INTRODUCTION  

asciolosis is an economically important parasitic 
disease, which caused by trematodes of the 
genus Fasciola that migrate in the hepatic 

parenchyma, and establish and develop in the bile 
ducts (30). Fasciola is commonly recognized as liver 
flukes and they are responsible for wide spread of 
morbidity and mortality in cattle characterized by weight 
loss, anemia and hypoproteinemia. The two most 
important species, Fasciola hepatica found in temperate 
area and in cooler areas of high altitude in the tropics 
and subtropics and Fasciola gigantica, which 
predominates in tropical area. Fasciola hepatica is 
found in area above 1800 m.a.s.l. In between these 
altitude limits, both species coexists where ecology is 
conductive for both snail hosts, and mixed infections 
prevailed (35). The snail of the genus Lymnae natalensis 
and Lymnae truncatula are known as intermediate host 
in life cycle of fasciolosis.Infection with Lymnea 
truncatula is usually associated with herds and flocks 
grazing wet marshy land. On the other hand, Fasciola 
gigantica

 

is a fresh water snail

 

and infection with this 

species is associated with livestock drinking from snails 
infected watering places as well as with grazing wetland, 
which may be seasonally in undated (22). Fasciolosis is 
an economically important disease of domestic 
livestock, in

 

particular cattle and sheep and occasionally 
man Ahmed et al. (3). The disease is responsible for 
considerable economic losses in the cattle industry, 
mainly through mortality, liver condemnation, reduced 
production of meat, milk, and wool, and expenditures for 
anthelmintics (11) and (19). The world-wide losses in 
animal productivity due to fasciolosis were estimated at 
US $200 million per annum, to rural agricultural 
communities and commercial producers (8), with over 
600 million animals infected Ramajo et al. (26). In 
developed counties, the incidence of F. hepatica can 
reach up to 77%. In tropical countries, fasciolosis is 
considered the single most important helminth infection 
of cattle, with reported prevalence of 30-90% Spithill et 
al. (28). The prevalence of fasciolosis in many parts of 
Africa has been determined mainly at slaughter. 
However estimation of economic loss due to fasciolosis 
at national or regional level is limited by lack of accurate 
estimation of the prevalence of disease Phiri et al. (23).

 
The presence of fasciolosis due to F. hepatica 

and F. gigantica in Ethiopia has long been known and 
its prevalence and economic significance has been 
reported by several workers (17), (16), (5), (35), (36), 
(29), Fufa et al. (15). Available published reports have 
indicated that bovine fasciolosis causes economic 
losses of roughly 350 million Birr per annum due to 
deceased productivity alone (5). More recently, (29) and 
Fufa et al. (15) have reported financial losses of 6300 
USD and 4000 USD per annum, respectively due to liver 
condemnations at slaughter houses.

 
Assela is one of town in Ethiopia, located in the 

South-east of Addis Ababa where huge livestock 
populations are found. The major land cover is thus 
used for grazing which support on an average 27 
livestock per hectare. Livestock are major agricultural 
resource in the area. Assela is one of the areas where 

F 

α

Abstract 

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
20

11

1

V
ol
um

e 
X
I 
Is
su

e 
III

  
V
er
sio

n 
I

Se
p t

em
be

r

Ephrem Tsegaye

© 2011 Global Journals Inc.  (US)

the environmental conditions and altitude of the area is 
conducive for the occurrence of fasciolosis. However; 
little information is available about its prevances and its 
economic significance in the study area. Therefore, the 
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 objectives of this study were to study the prevalence of 
bovine fasciolosis and assess direct (liver 
condemnation) and indirect (carcass weight) economic 
losses caused by fasciolosis in the study area.

 

II.

 

MATERIALS AND METHOD

 

a)

 

Description of the Study Area 

 

Topography and climate:

 

Assela is situated at 
60591-8049 N latitude and 380411-400441

 

E longitude in 
central Ethiopia, 175 km south cast of Addis Ababa. The 
altitude of the area ranges from 1780-3100 m.a.s.l and 
characterized by mid subtropical temperature ranging 
from 50c-280c. The annual average rainfall is 1200 mm 
and mostly with clay type of soil and in rare case black 
soil. The area covers 23674.72 km square and 
topographically has highland escapement and lowland 
areas. The high land areas are found centrally and the 
low lands dominate the periphery of the area (4). 

 

b)

 

The study sites

 

Tiyo Woreda has 18 Peasant Aassociations (PA) 
and out of these only three representative PAs (Dosha, 
Kobolcha area, and Kulumsa) were selected by 
considering their similarity in production system, their 
differences in altitude and livestock populations. 

 

c)

 

Study population 

 

During sampling of the study animals in the 
present study, sexes, ages and

 

body conditions of all 
the sampled cattle from the selected three PAs of Tiyo 
woreda were recorded. 

 

d)

 

Sample size Determination 

 

Since there was no previous study in Tiyo 
woreda to establish the prevalence and economic 
significance of bovine fasciolosis, the sample size was 
determined by taking the prevalence of 50% fasciolosis

 

using the formula given by (31).

 

n = 

 

1.962

 

.Pexp

 

(1-Pexp)

 

d2

 

Where     n = required sample size

 

Pexp

 

=  expected prevalence= 50%

 

d = desired absolute precision=5%

 

Hence, d = 0.05

 

and p= 0.5 (50%).

 
Accordingly 384 animals were supposed to be 

sampled but in order to increase the precession a total 
of 400 study animals were used.

 e)

 

Study Design and Sampling Method 

 
A cross-sectional investigation of the 

prevalence of bovine fasciolosis

 

in the three PAs of Tiyo 
woreda was carried out from November 2009 to March 
2010. Simple random sampling technique was the 
sampling strategy used to collect all the necessary data 
from feacal samples and abattoir survey of the study 
animals. 

 
f)

 

Study Methodology

 
i.

 

Coprological Examination

 
Faecal samples for parasitological examination 

were collected directly from the rectum of each animal 
and freshly defected faeces in to plastic bottles with 
gloved hand. The samples were clearly labeled with 
universal bottles

 

preserved with 5% formalin and each 
sample was clearly labeled with animal’s identification, 
date and place of collection. Samples were packed and 
dispatched in cool box to avoid development of eggs 
and hatching. In the laboratory, coprospic examination 
was performed to detect the presence of fasciola eggs 
using the standard sedimentation techniques (18). 

 
ii.

  

Active abattoir survey was conducted based on 
cross sectional study during routine meat inspection on 
randomly selected cattle slaughtered at Assela 
municipal abattoir. A total of 183 cattle were examined 
during the study. During ante-mortum examination detail 
records about the species, breeds, sexes, origins and 
body conditions of the animals were performed. The 
origin of the animal and age whenever possible while 
body condition scoring based on (20). During post-
morton inspection, each liver visually inspected, 
palpated and incised based on routine meat inspection 
by (14). All livers having Fasciola

 

species condemned 
were registered and flukes were conducted for species 
identification. 

 
iii.

 

Species Identification 

 

After making systematic incision on liver 
parenchyma, and bile ducts, flukes were collected in the 
universal bottle containing 10% formalin in preservative 
and examined to identify the involved species. Fasciola 
gigantica

 

(20 -

 

75 mm x 3.12mm) resembles Fasciola 
hepatica

 

(20 -

 

30mm x 10mm) but readily recognized by 
its larger size, the shoulders are not prominent and the 
body is more transparent. It is grayish-

 

brown in color 
changed to grey when preserved (27). 

 
iv.

 

Economic loss assessment . 

 

The total economic loss due to fasciolosis in 
cattle slaughtered from the summation of annual liver 
condemnation cost (direct loss) and cost due to carcass 
weight reduction (indirect loss) was assessed. 

 
v.

  

Direct economic loss was resulted from 
condemnation of liver affected by fasciolosis. All livers 
affected with fasciolosis were totally condemned. The 
annual loss from liver condemnation was assessed by 
considering the overall annually slaughtered animal in 
the abattoir and retail market price of an average zebu 
liver. Annual slaughtered rate was estimated from 

Direct Economic loss

Abattoir Survey

retrospective abattoir records of the last three years, 
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while retail market price of an average size zebu liver 
was determined from the information collected from 
butcheries in Assela Town. The information obtained 
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was subjected to mathematical computation using the 
formula set by (21).

 

            ALC = CSR X LCX P

 

Where ALC = Annual loss from liver condemnation

 
 

CSR = Mean

 

annual cattle slaughtered at 
municipality abattoir 

 
    

LC = Mean cost of one liver in Assela Town.

 
       

P=Prevalence rate of the disease at the study abattoir  

 

vi.

  

Indirect economic loss was associated with 
carcass weight reduction due to fasciolosis. A 10% 
carcass weight loss in cattle is due to fasciolosis. 
Average carcass weight of an Ethiopian Zebu was taken 
as 126 kg (20). The annual carcass weight loss due to 
bovine fasciolosis assessed using the following formula 
set

 

by (21).

 

ACW = CSR XCL XBC X PX 126 Kg 

 

Where ACW = Annual loss from carcass weight 
reduction.

 
  

CSR = Average No

 

cattle slaughtered per 
annual at the study abattoir. 

 
   

CL = Carcass weight loss in individual cattle 
fasciolosis.

  
   

BC = An average price of 1kg beef at Assela town

 

      P=Prevalence rate of fasciolosis at the study abattoir. 

 

         
126 kg = Average carcass weight of Ethiopian Zebu. 

 

vii.

  

All the data collected during the study period 
were stored in excel spreadsheet for statistical analysis 
and were analyzed using intercooled stata 7.0 for 
windows (2001) to determine prevalence and analyze 
the associations with risk factors. 

 

iii.

 

RESULTS

 

a)

 

Coprological finding 

 

From a total of 400 faecal samples examined 
from cattle during the study period, 181 (45.25%) 
samples were found positive for fasciolosis.

 

The prevalence of bovine fasciolosis

 

between 
the two sexes in the current study (table 1) revealed 
62.73% (female) and 11.67% (male) and differ 
significantly (p<0.05). From the result of the present 
study on the prevalence of fasciolosis between different 
age groups showed an inverse correlation (table 1) and 
also the prevalence of fasciolosis was statistically 
significant difference (p <0.05) between cattle of 
different age groups.

 

b)

 

Fasciola species Identification

 

From the total of 183 slaughtered animals 
whose liver were inspected in the abattoir, 64 livers were 

 

Hepatica, 16 livers (25%) harbored with F.gigantica

 

and 
the remaining 6 livers (9.375%) harbored mixed 
infection.

 

Table 3 of the present study shows that there 
was no a statistical significant difference (p>0.05) in the 
prevalence of fasciolsis in cattle with different body 
conditions. But the higher prevalence (75%) was 
observed with cattle whose body conditions were thin 
and the lowest prevalence (40%) was recorded for cattle 
whose body conditions were good.

 

The prevalence of Bovine Fasciolosis

 

between 
the three different study sites in the present study (table 
4) showed the presence of variability on the prevalence 
of Bovine Fasciolosis between them. The highest 
(54.13%) and the lowest (39.61%) prevalence Bovine 
Fasciolosis were observed Kulumsa and Dosha, 
respectively.

 

The prevalence of bovine fasciolosis in each 
month of the study periods was also indicated in table 5. 
The table shows the presence of significant difference 
(p<0.05) in the prevalence of bovine fasciolosis 
between each month of the study periods. The highest 
(69.767%) and the lowest (32.18%) prevalence were 
observed in March and November, respectively.

 

c)

 

Economic loss assessment 

 

i.

  

Direct economic loss was resulted from liver 
condemnation as the result of fasciolosis. Generally all 
infected livers with fasciolosis are unfit for human 
consumption. The 64 fasciolosis infected livers of cattle 
were corresponding to an estimated total loss of about 
805.71 ETB. In the study abattoir the average annual 
cattle slaughtered rate was

 

estimated to be 3000 while 
mean retail price of bovine liver in Assela town as 36 
ETB. Prevalence of fasciolosis in Assela municipality 
abattoir estimated as (34.97%). Therefore the estimated 
annual loss form organ condemnation is calculated 
according to the formula:

 

                                 

ALC = CSR X LC X P

 

                                          

= 3000 X 36 X ETB X 34.97%

 

                                          

= 3000 X 36 ETB X 0.3497

 

                                          

= 37,767.6 ETB

 

ii.

  

Indirect economic loss was due to carcass 
weight reduction as result of Fasciola

 

infection. In the 
study area the average price of 1kg beef was 50 ETB. 
The annual economic loss from carcass weight 

Indirect Economic loss

due to 

annual at

Assela 

Data Management Analysis

Direct Economic loss

Indirect Economic loss

reduction due to bovine fasciolsis is calculated by using 
the formula: ACW 

     
= CSR X CL X BC X P X 126kg

     

= 3000 X 10% X 50 ETB X 34.97% X 126kg     

= 3000 X 0.1 X 50 ETB X 0.3497 X 126kg
= 660, 933 ETB
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found to be positive for liver fluke infection (table 2) and 
from these 42 livers (65.625%) harbored with F.



 
 

 
  

 
  
  
       

Therefore, the total annual economic loss due 
to bovine fasciolosis in the study abattoir is the 
summation of the losses from organ condemnation 
(direct loss) and carcass weight reduction (indirect loss) 
and thus a total of 698,700.6 ETB (51, 909.4056 USD).

 

NB:

 

1 USD was equivalent to 13.4600

 

IV.

 

ISCUSSIONS

 

Fascioliosis is an

 

important parasitic disease of 
domestic ruminants caused by two liver fluke species: 
Fasciola hepatica and F. gigantica (Trematoda). 
Fasciola hepatica has a cosmopolitan distribution, 
mainly in temperate zones, while F. gigantica is found in 
tropical regions of Africa and Asia.

 

Bovine fasciolsi exists in almost all region of 
Ethiopia. However, the prevalence, epidemiology and 
Fasciola

 

species involved vary with locality. This is 
mainly attributed to the variation in the climate and 
ecological condition such as altitude, rainfall, 
temperature and livestock management system (17), 
(5). The result of present study indicated that bovine 
fasciolsis

 

relatively spread with moderate prevalence of 
45.25% in the study area as compared to high 
prevalence of 86% in Keffa (5), 80% in and around 
Debre Berhan (9), 88.57% and 82.5% in western shoa 
(33). Moreover, (5), (34) and (13) have reported 
prevalence of 61%, 52% and 62.2% in Gonder, around 
Tan, and around Bahir Dar, respectively. The result of 
these workers are relatively higher than the present 
finding and this variation might be attributed to the 
difference in the infestation, level of study area and the 
present study were conducted during the dry period of 
the year when the infections rate of fasciolsis is 
expected to be low. The result of the present study is 
similar with the prevalence of bovine fasciolosis reported 
at Jimma. Sodo and Ziway abattoirs by (29), (1) and (2), 
respectively but higher than that of (10) from Dire Dawa 
municipality abattoir. This is probably due to the 
ecological and climatic difference between the two 
localities.

 

The results of the present study revealed that 
sex and age have significant effect on the prevalence of 
bovine fasciolosis. However, the work done by (25) and 
(9) concluded that sex has no impact on the infection 
rate and hence both male and female are equally 
susceptible and exposed to the disease. The significant 
effects of sex on the prevalence of bovine fasciolosis 
might be attributed to the management system with 
longer exposure of male outdoor when females are kept 
indoor at the beginning of lactation (6).

 

Different works reported similar finding with the 
present work and clearly justified that the decrease in 
infection rate (prevalence) as age increase is the result 
of acquired immunity which is manifested by humeral 
respond and tissue reaction in bovine liver due to 
previous challenge (21), and Dwinger et al. (12). They 
also reported that the increase resistance (low 

prevalence) as age increase is most likely related to the 
high level of tissue reaction seen in bovine liver, server 
fibrosis which impedes the passage of immature fluke, 
acquired resistance, thickening, stenosis and 
calcification of bile ducts, assumed unfavorable site for 
adult parasites and consequently fasten their explosion. 
Additionally the experimental result by (27) and 
Radostits et al. (24) confirmed the occurrence of higher 
infection rate in younger animals. Moreover, inverse co-
relation of prevalence and age of cattle were also 
reported by (13), (25), (9) and (7).

 

Post mortem examination on the 64 Fasciola

 

infected livers of the current result indicated that F. 
hepatica

 

and F. gigantica

 

were the main fasciola 
species in the study areas, however, F. hepatica were 
found to be the predominant facsiola species causing 
bovine fasciolsis in the study areas. Similar study 
conducted at Jimma and Zeway abattoir reported 63.3% 
and 60.3% of the liver harbored F. hepatica (29), (2), 
respectively. This is attributed mainly due to the variation 
in the climatic and ecological conditions such as 
altitude, rainfall, temperature and livestock management 
system (35). Moreover, Garber and Daynes reported 
that; in Ethiopia F. hepatica and F. gigantica infections 
occur in areas above 1800 m.a.s.l. and below 1200 
m.a.s.l. respectively. The high prevalence rate of F. 
hepatica may be associated with the existence of 
favourable ecological biotops for L. truncatula. Relatively 
small proportion of cattle were found infected with F. 
gigantica alone or mixed infection with both spp. This

 

may be explained by cattle coming for slaughter from 
highland and middle altitude zone flood prone areas, 
drainage ditches are favourable habitat to natalensis 
Urquhart et al. (32). 

 

Infection rate of bovine fasciolsis was 
statistically analyzed on the base of body condition to 
study the impact of the disease in debilitating 
(emaciating) infected animals. The result of study 
indicated that infection rate has no significant difference 
(p>0.05) on the prevalence of fasciolsis weather the 
animal in thin, moderate or good body conditions. This 
body condition in cattle manifested when fasciolsis 
reaches at its chronic stage even though there is a 
difference in infection rate between thin (75%), moderate 
(49%) and good (40%) body conditions.

 

The 
monthly/seasonal/

 

variation in the prevalence of 
fasciolosis

 

has been studded for 5 dry months in the 
study area. It was difficult to indicate the effect of 
seasonal variation on the prevalence of bovine 
fasciolosis since the study period was too short without 
incorporating wet months of the season. An accurate 
description of seasonal occurrence requires long term 
epidemiological investigation over several years. In this 
study high infection rate (69.767%) was encountered in 
March while lower infection (32.18%) in November 
having statistical significant difference (p<0.05). 
However, (29) reported October was when the highest 

-
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D



 
 

ecological conditions still prevailed. It has been 
described that the bionomic requirements for breeding 
of the Lymnaea snails and development of the 
intramolascan stages of the flukes often reach the 
optimum threshold during the wet months of the year. 
During the dry periods, breeding of the snails and 
development of the larval flukes slow down or stops 
completely and snails undergo a state of aestivation 
(35).

 

 

 

v.

 

CONCLUSIONS

 

The present study revealed that although a 
moderate prevalence of bovine fasciolosis in the study 
sites recorded; the prevalence was significantly affected 
by sex, age and months of

 

the year. Higher prevalence 
of bovine fasciolosis was recorded in male cattle than 
females and in younger cattle (> 3 yrs) than older (> 5 
yrs) ones. F. hepatica was found to be the predominant. 
facsiola species causing bovine fasciolsis in the study 

Finally the total annual economic losses due to 
bovine fasciolosis in the study abattoir from organ 
condemnation (direct loss) and carcass weight 
reduction (indirect loss) were high. 
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Table 1 :

 

Prevalence of bovine fasciolosis

 

on sex basis.

 

Sex 

 

No

 

of  
examined 

 

No

 

of sample Positive 

 

No

 

of sample Negative 

 

Prevalence (%)

 

χ2

 

P- value

 

M

 

263

 

165

 

98

 

62.73

 

18.575

 

0.00

 

F

 

137

 

16

 

121

 

11.67

 

Age

       

<3

 

69

 

35

 

34

 

50.72

 

1.271

 

0.00

 

3-5

 

191

 

118

 

73

 

61.78

 

>5

 

140

 

28

 

112

 

20

 

sample 
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Table 2 : Species of Fasciola identified during post mortem examination of slaughtered animals.

Species of fasciola No. of lives condemned Percentage (%)
F. hepatica 42 65.625
F. gigantic 16 25.00
Mixed 6 9.375
Total 64 100



 
 

   

    
   

   
   
   

Table 3  :

  

Prevalence of fasciolsis in different body condition groups

 

Body condition 

 

No

 

of animals examined

 

No

 

of positive cases

 

Prevalence (%) 

 

Thin 

 

8

 

6

 

75

 

Moderate

 

202

 

99

 

49

 

Good 

 

190

 

76

 

40

 

X
2

 

= 1.456                                               p = 0.483

 

Table 4

 

:

  

Prevalence of Bovine Fasciolosis by Study Sites

 

Study

 

No

 

of 
sample 
examined

 

No

 

of 
sample 
positive

 

No

 

of 
sample 
negative

 

Prevalence 
(%)

 

Dosha

 

Kombolha

 

Kulumsa

 

154

 

113

 

133

 

61

 

48

 

72

 

93

 

65

 

61

 

39.61

 

42.47

 

54.13

 

Table 5 : 

  

Monthly Prevalence of fasciolosis

 

Month

 

No.

 

of animals 
examined

 

No. of positive 
sample

 

Prevalence (%)

 

χ2

 

P- value

 

November

 

87

 

28

 

32.18

 

17.273

 

0.01

 

December

 

105

 

35

 

33.33

   

January

 

83

 

42

 

50.60

   

February

 

82

 

46

 

56.097

   

March

 

43

 

30

 

69.767

   
 

 

 

 

 

 

 

 

 

 

Sites
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Abstract -

 

The bioavailability and bioequivalence of two 
different film coated tablets containing ethinylestradiol and 
drospirenone were investigated in 36 healthy female 
volunteers after oral single-dose administration. The study was 
performed according to a single-center, randomized, single-
dose,

 

2-way cross-over design with a wash-out phase of 28 
days. Blood samples for pharmacokinetic profiling were taken 
post-dose up to 72 h (ethinylestradiol) and 144 h 
(drospirenone). Ethinylestradiol and drospirenone plasma 
concentrations were determined with

 

a validated LC-MS/MS 
method. Bioequivalence between the products was 
determined by calculating 90% confidence intervals (90% I.C) 
for the ratio of AUC0-t and Cmax

 

values for the test and reference 
products, using logarithmic transformed data. The 90% 
confidence intervals of ethinylestradiol were 89.13% –

 

95.32%, 
and 88.13% –

 

96.38%, respectively. The 90% confidence 
intervals of drospirenone were 94.50% –

 

102.12%, and 95.11% 
–

 

111.11%, respectively. Since the 90% confidence intervals 
for Cmax

 

and AUC0-t

 

were within the 80 –

 

125% interval 
proposed by Food and Drug Administration, it was concluded 
that the two ethinylestradiol and drospirenone formulations are 
bioequivalent in their rate and extent of absorption. 

 

I.

 

INTRODUCTION

 

ombination contraceptives are most effective 
means for contraception excluding sterilization. 
Contraceptives are hormonal agents; 

combination oral contraceptives contain both an 
estrogen (ethinylestradiol or mestranol) and a 
progestogen (many different progestogens are utilized 
throughout the world). Endogenous estrogens are 
largely responsible for the development and 
maintenance of the female reproductive system and 
secondary sexual characteristics. Estrogens act through 
binding to nuclear receptors in estrogen-responsive 
tissues. These

 

will vary in proportion from tissue to 
tissue. Circulating estrogens modulate the pituitary 
secretion of the gonadotropins, luteinizing hormone 
(LH), and follicle-stimulating hormone (FSH), through a 
negative feedback mechanism. Drospirenone is a 
synthetic progestin and spironolactone analog with 

antimineralocorticoid activity. In animals and in vitro, 
drospirenone has antiandrogenic activity, but no 
glucocorticoid, antiglucocorticoid, estrogenic, or 
androgenic activity. Progestins counter estrogenic 
effects by decreasing the number of nuclear estradiol 
receptors and suppressing epithelial DNA synthesis in 
endometrial tissue. 1-5 

The primary estrogen used in oral 
contraceptives is ethinylestradiol. 17-Ethinylestradiol 
(EE), a synthetic estrogen developed in 1938, is an 
essential constituent of oral contraceptives, which have 
been widely prescribed since the 1970s. 6 In general, 
ethinylestradiol is used in combination to prevent 
pregnancy in women. 7,8 The mean bioavailability of EE 
is reported to be 45%. 9,10 Its metabolism occurs mainly 
in the liver and at least 10 metabolites of 17EE have 
been isolated from human urine, with the 2-hydroxy 
species being the major metabolites. 11,12 

Drospirenone is a novel synthetic progestogen 
with a pharmacological profile similar to that of natural 
progesterone. An analog of spironolactone, 
drospirenone has antimineralocorticoid and 
antiandrogenic activity. 13-17 It is almost completely 
metabolized: less than 1% of the administered dose is 
excreted in the urine as unchanged drug. The 
metabolites of drospirenone undergo both hepatic and 
renal elimination. Based on receptor-binding studies, the 
metabolites excreted in urine are devoid of 
pharmacologic activity. 18-20 The compound is part of 
certain birth control formulations. Combined with ethinyl 
estradiol in oral contraceptive formulations, 
drospirenone-containing contraceptives have similar 
efficacy and safety profiles to other low-dose oral 
contraceptives, but seem to offer improved tolerability 
with regard to weight gain, mood changes, acne and 
treatment of a severe form of the premenstrual 
syndrome called premenstrual dysphoric disorder . 21,22 

The aim of this study was to compare in healthy 
volunteers, the pharmacokinetics profiles and evaluate 
the bioequivalence of one test formulation containing 
0.02 mg of ethinylestradiol and 3 mg of drospirenone, 
(test formulation). The test formulation was compared to 
one commercial formulation containing 0.02 mg of 

C
 

α

Author  :

Author :

ethinylestradiol and 3 mg of drospirenone (reference 
formulation).

α
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II.

 

RESULTS

 
a)

 

Demography and safety

 

Thirty one of the 36 enrolled subjects 
completed the study. Two subject dropped out after 
phase two for personal reasons. Three subjects 
dropped out before confinement for personal reasons 
and abnormal clinical laboratory investigations. Hence 
31 completed cases for both treatments were available 
for analysis of ethinylestradiol

 

and drospirenone

 

plasma 
concentrations.The demographic characteristics of the 
study subjects are presented in Table 1, including age, 
height, weight and BMI. Ethinylestradiol and 
drospirenone were well tolerated at the administered 
dose. No serious adverse events occurred.

 
b)

 

Pharmacokinetic and Statistical Analysis

 

The mean (± SD) plasma concentration-time 
profiles are presented in Figure 01

 

(ethinylestradiol) and 
Figure 02

 

(drospirenone) and the pharmacokinetic 
parameters of both substances are summarized in Table 
2

 

and Table 3. 

 

The mean of Cmax of ethinylestradiol was 84.31 
pg/mL in reference product and 77.76 pg/mL in test 
product. Both occurred 1.25 h after dose administration. 
Cmax of drospirenone was on average 56947.08 pg/mL 
in reference product and 58431.17 pg/mL in test 
product and occurred 1.25 h after dosing (reference) 
and 1 h (test). For ethinylestradiol, the geometric means 
of AUC0-∞, a measure of extent of absorption amount, 
were 854.86 pg.h/mL (reference) and 794.61 pg.h/mL 
(test). The geometric means of AUC0-∞ of drospirenone 
were 906099.00 pg.h/mL (reference) and 889520.52 
pg.h/mL (test). The values of AUC0-t for ethinylestradiol 
were 807.17 pg.h/mL (reference) and 746.06 pg.h/mL 
(test). In the drospirenone evaluation the amounts of  
AUC0-t were 851151.59 pg.h/mL (reference) and 
835564.88 pg.h/mL (test). No significant differences with 
respect to drug absorption were found. Elimination half-
lives and elimination rate constants were well 
comparable between the different preparations.

 

The resulting 90% confidence intervals of the 
parameter ratios for for AUC0-∞, AUC0-t

 

and Cmax as well 
as for differences in tmax are summarized in

 

Table 4.

 
III.

 

DISCUSSION

 
Preventing unwanted pregnancy has been an 

important issue for women and their families all over the 
world for many hundreds of years. With the development 
of oral

 

hormonal contraceptives, the so-called "Pill", in 
the early 1960s, women finally had access to a 
revolutionary method of contraception.

 

23,24

  

Combined oral contraceptives are effective in 
normalizing irregular periods, reducing symptoms of 
premenstrual dysphoric disorder, improving acne, and 
allowing women to avoid having their period at 
inconvenient times. 25

 

Combinations of drospirenone and estradiol, 
when compared with estradiol alone, were protective 
against endometrial hyperplasia. This combination was 
also effective in reducing menopausal symptoms, 
thereby elucidating improvements in health-related 
quality of life measures without significant adverse drug 
events.26

 

Ethinylestradiol

 

and drospirenone not only 
prevents pregnancy but also results in shorter, lighter 
periods, reduced cramps and a regular menstrual cycle. 
It also helps with some symptoms of premenstrual 
dysphoric disorder and helps control mild to moderate 
acne breakouts.

 

27,28

 

When a new oral contraceptive formulation is 
developed, it is crucial to ensure optimum hormone 
exposure during concomitant therapy with other 
substances, while also guaranteeing the lowest dose to 
prevent pregnancy and avoid side effects. To enable 
testing that can deal with these concerns a highly 
sensitive analytical method with a low limit of 
quantification (LLOQ) is required to accurately measure 
oral contraceptives concentrations in human plasma 
samples.

 

Immunoassay methods have been the most 
sensitive analytical procedures available for the 
determination of estrogens in biological samples for 
many years.

 

29,30

 

These methods are sensitive, but are 
time consuming and prone to cross reactivity by 
steroids and their metabolites. Gas chromatographic 
coupled to mass spectrometric (GC-MS) methods 
typically employ some type of extraction, and one or 
multiple steps of derivatization.31-34

 

Recently, liquid 
chromatography with tandem mass spectrometric (LC-
MS/MS ) detection has been applied for the quantitative 
analysis of estrogens in environmental and biological 
samples.35-41

 

LC-MS/MS is superior to immunoassay 
methods or GC/MS in terms of simplicity, sensitivity, 
selectivity and analytical throughput.

 

The LC–MS/MS method described here is 
specific due to the inherent selectivity of tandem mass 
spectrometry is in accordance

 

with both Food and Drug 
Administration (FDA) and the National Sanitary 
Surveillance Agency (ANVISA) requirements for 
pharmacokinetic studies. This method offers the 
advantage over those previously reported using LC–
MS/MS 35,38,40,42,43, showing a low validated LOQ 1 pg 
mL−1

 

(ethinylestradiol) and LOQ 250 pg mL−1

 

(drospirenone).

 

The mean ratio of parameters Cmax

 

and AUC0-t 

and 90% confidence intervals of correspondents were 
calculated to determine the bioequivalence. The point 
estimator and the 90% confidence intervals for the AUC0-

t

 

ratio (test/reference: 92.17% [89.13% -

 

95.32%]) 
indicate high similarity of both formulations with respect 
to the extent of ethinylestradiol exposure. A high degree 
of similarity was also observed for Cmax of 
ethinylestradiol, as the point estimator and the 90% 
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confidence interval for the Cmax

 

ratio are 92.16% (88.13% 
-

 

96.38%). Regarding the AUC0-t

 

ratio of drospirenone, 
the point estimator is 98.24% and the 90% confidence 
interval 94.50% -

 

102.12%. Furthermore, exchangeability

 

of both formulations is also suggested by the point 
estimator and 90% confidence of Cmax

 

of  this active 
agent (102.80% [95.11% -

 

111.11%]). 

 

The AUC0-t and AUC0-inf

 

are both recognized as 
an uncontaminated measurement of the extent of 
absorption. The present study showed that 90% CI of 
mean AUC0-t

 

and AUC0-inf

 

(after log-transformation of 
individual ratios) were included into the bioequivalence 
range (80-125%), consequently, the two formulations of 
ethinylestradiol and drospirenone

 

are equivalent for the 
extend of absorption.

 

The statistical comparison of Cmax, AUC0-t and 
AUC0-inf clearly indicated no significant difference in the 
two formulations of ethinylestradiol and drospirenone. 
90% confidence intervals for the mean ratio (T/R) of 
Cmax, AUC0-t and AUC0-inf were entirely is in 
accordance with both acceptance range the Food and 
Drug Administration (FDA) and the National Sanitary 
Surveillance Agency (ANVISA). Based on the 
pharmacokinetic and statistical results of this study, we 
can conclude that ethinylestradiol and drospirenone 
(Test Formulation) is bioequivalent a formulation 
reference, and that then the test product can be 
considered interchangeable in medical practice.

 
 

IV.

 

METHODS

 

a)

 

Study subjects

 
 

Thirty six healthy female volunteers were 
selected for the study. All volunteers were healthy as 
assessed by physical examination, gynecological 
examination, electrocardiogram (ECG),  oncotic 
cytology  (Papanicolaou) and the following laboratory 
tests: blood glucose, urea, creatinine, uric acid, alanine 
and aspartate aminotransferases (ALT and AST), 
gamma-gluthamil transferase (γ-GT), alkaline 
phosphatase, total billirubin, albumin and total protein, 
trygliceride, total cholesterol, hemoglobin, hematocrit, 
total and differential white cell counts, red blood cell 
counts, platelet counts and routine urinalysis. All 
subjects were negative for human immunodeficiency 
virus, and B (except for serological scar) and C hepatitis 
virus. 

 
 

b)

 

Study procedures

 

All subjects gave written informed consent and 
the study was conducted in accordance with the revised 
Declaration of Helsinki, the rules of Good Clinical 
Practice (ICH-GCP) and the Resolutions No. 196/96 and 
251/97 of National Health Council –

 

Health Ministry, 
Brazil. The clinical protocol was approved by the 
Research Ethics Committee of University of 
Campinas/Unicamp (São Paulo, Brazil)

 

and the National 
Sanitary Surveillance Agency (ANVISA).

 

The study was a single dose, two-way 
randomized crossover design with a 28 days washout 
period between the doses.

 

During each period, the 
volunteers were hospitalized at 7:00 p.m. They had the 
usual evening meal until 9:00 p.m., and an overnight fast 
(minimum of 10 hours). 

 

The subjects were randomly assigned to one of 
the two treatment sequences. Each treatment consisted 
of a single dose of two tablets, corresponding to a dose 
of 0.04 mg ethinylestradiol and 6 mg drospirenone. The 
double of the daily dose was used, since administration 
of only 0.02 mg ethinylestradiol and 3 mg drospirenone

 

tends to result in plasma concentrations that are too low 
for a rating of ethinylestradiol

 

72 h and of drospirenone

 

144 h after drug intake. 

 

Both treatments were administered orally. 
Subjects have received 200 mL of water at room 
temperature with each administration.

 

All volunteers 
were then fasted for

 

4 h following drug administration; 
afterwards a standard lunch was consumed. Standard 
snack and evening meal were provided 7-8 and 10-12 h 
after dosing, respectively. No other food was permitted 
during the confinement period. Liquid consumption was 
allowed ad libitum

 

2 h after drug administration. 
However, xanthine-containing drinks including tea, 
coffee, and cola were avoided.

 

Blood samples (06 mL) were collected by 
indwelling catheter into EDTA containing tubes before 
dosing and 15, 30, 45 min and also 1, 1.25, 1.5, 1.75, 2, 
2.50, 3, 4, 6, 8, 12, 16, 24, 36, 48, 72, 96, 120, 144 h 
post-dosing for ethinylestradiol and drospirenone. The 
blood samples were centrifuged at 3.000 rpm for 10 
min. at 4°C and the plasma decanted and storage at –

 

20°C until assay for their ethinylestradiol and 
drospirenone

 

content. All samples from a single 
volunteer were analyzed on the same day in order to 
avoid interassay variation.

 

Arterial pressure (measured 
non-invasively with a sphygmomanometer), heart rate 
and temperature were recorded just before and after 
drug administration at each full-hour sample collection. 

 

c)

 

Chemicals and reagents 

 

Ethinylestradiol was purchased from United 
States Pharmacopea (lot number QOC162, Rockville, 
Maryland, USA). 17α-Ethinylestradiol-d4 was obtained 
from CDN Isotopes (lot number H352P54, Pointe-Claire, 
Quebec, Canada). Drospirenone

 

was purchased from 
United States Pharmacopea (lot number F0G064, 
Rockville, Maryland, USA). Drospirenone-d4 was 
obtained from SynFine Research (lot number S-1211-
081A4, Richmond Hill, Ontario, Canada). Acetonitrile, 
methanol, chlorobutane and hexane (HPLC grade). 
Ultrapure water was obtained from aMilli-Q system. 
Blank human blood was collected from healthy, drug-
free volunteers. Plasma was obtained by centrifugation 
of blood treated with the anticoagulant EDTA (BD 
Vacutainer®, BD, Franklin Lakes, NJ, USA). Blank 
pooled plasma was prepared and stored at −20 ◦C until 
needed.
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d)

 

Analytical method

 

Ethinylestradiol and Its internal standard 17α-
ethinylestradiol-d4 were extracted from aliquot of human 
plasma by liquid-liquid extraction and derivatization. 1 
chlorobutane is added to the samples. The organic 
phase is evaporated to dryness. The buffer solution of 
the derivatization and derivatization reagent are added 
to each sample. Samples is added to the hexane and 
the samples are centrifuged and vortexed adequately. 
The organic phase is evaporated to dryness. Samples 
reconstituted with reconstitution solution prepared with 
methanol and water type Milli-Q.

 

Drospirenone is extracted from aliquot of human 
plasma by solid phase extraction and derivatization 
procedure. To the plasma samples is added the internal 
standard working solution prepared in buffer solution. 
The samples are loaded on the top of activated 
cartridges and passed through the cartridges by gravity. 
The compound is eluted from the cartridge using 
methanol and evaporated to dryness. The methanol, 
catalyzing solution and the derivatization solution are 
added to each sample. The samples are mixed 
adequately and incubated for the derivatization step. 
The samples are evaporated to dryness and 
reconstituted with the reconstitution solution prepared 
with Milli-Q type water and acetonitrile.

 

e)

 

Apparatus

 

The ethinylestradiol samples were injected into 
a Zorbax SB-C18, 4.6 x 50 mm, 3.5 μm column and a 
Applied Biosystems Sciex API 5000 tandem mass 
spectrometer. The mobile A phase was methanol–water 
(78:22, v/v), acetic acid glacial 0.2% (v/v), and the 
mobile phase B was a mixture of acetonitrile 100% and 
acetic acid glacial 0.2% (v/v) The chromatographic 
condition was a gradient mode performed at 35ºC and 
at a flow rate of 1 mL/min. for pump no.

 

1 and 0.5

 

mL/min. for pump no.

 

2. The mass spectrometer was 
operated with + ESI and MRM using the optimized 
transitions 530.3 →

 

171.1 for the ethinylestradiol derivate 
and 534.4 →

 

171.1 for the 17α-ethinylestradiol-d4 
derivative. 

 

The drospirenone samples were injected into a 
Betasil CN column and a Applied Biosystems Sciex API 
5000 tandem mass spectrometer. The chromatographic 
separation was performed with a gradient, at room 
temperature and at a flow rate of 1.000 mL/min. The 
mobile phase A was a mixture of water–acetonitrile 
(65:35, v/v), formic acid 0.1% (v/v) and the mobile phase 
B was a mixture of acetonitrile–water (90:10, v/v), formic 
acid 0.1% (v/v). The mass spectrometer was operated 
with + ESI and MRM using the optimized transitions 
500.3 →

 

421.2 for the drospirenone derivate and 504.3 
→

 

425.2 for the drospirenone-d4 derivative. 

 

f)

 

Calibration

 

The calibration range of ethinylestradiol was 
1.00-200.00 pg/mL. Calibration standards with 8 

concentrations (1.00, 2.00, 4.00, 20.00, 40.00, 80.00, 
160.00, 200.00 pg/mL) and quality control standards 
with 3 concentrations (3.02, 70.42, 150.90 pg/mL) were 
prepared in human EDTA plasma. The calibration range 
of drospirenone

 

was 250.00-100000.00 pg/mL. 
Calibration standards with 8 concentrations (250.00, 
500.00, 2500.00, 20000.00, 40000.00, 60000.00, 
80000.00, 100000.00 pg/mL) and quality control 
standards with 3 concentrations (751.50, 30060.00, 
70140.00 pg/mL) were prepared in human EDTA 
plasma. 

 

g)

 

Method validation

 

Quantitation was based on determination of 
relationship between ethinylestradiol and drospirenone

 

peaks areas and I.S. peaks areas. Selectivity was 
evaluated by extracting plasma samples of plasma from 
different volunteers, including a lipemic and hemolysed 
plasma. Recoveries of ethinylestradiol and drospirenone

 

at the three QC concentrations and I.S. were determined 
by comparing peak areas of spiked plasma samples 
with the peak area in solutions prepared with the same 
nominal concentration. For precision (as relative 
standard deviation, R.S.D.) and accuracy (as relative 
error,R.E.) studies, samples were prepared at three QC 
and were analysed in the same day (intraday precision 
and accuracy), and analysed in 3 consecutive days 
(inter-day precision and accuracy). 

 

The calibration curves were processed and the 
correlation coefficient was equal to or greater than 
0.9979 (ethinylestradiol) and 0.9947 (drospirenone). In 
ethinylestradiol the accuracy and precision of back-
calculated calibration standard concentrations ranged 
from 89.94-99.21% and 1.35-6.81%, respectively. In 
drospirenone

 

the accuracy and precision of back-
calculated calibration standard concentrations ranged 
from 85.27-102.84% and 0.66-3.58%, respectively. In 
ethinylestradiol the intra-day accuracy and precision of 
the quality control samples ranged from 101.68-
103.07% and 3.84-4.26%. In drospirenone

 

the intra-day 
accuracy and precision of the quality control samples 
ranged from 95.55-99.12% and 2.20-3.70%. Similar 
accuracy and precision values were observed during the 
study sample analysis.

 

The stability of ethinylestradiol was also 
evaluated in plasma samples kept at -20 °C for 221 days 
and after being submitted to 2 freeze-thawing cycles (24 
h each cycle).

 

The stability of drospirenone

 

was also 
evaluated in plasma samples kept at -20 °C for 93 days 
and after being submitted to 2 freeze-thawing cycles (24 
h each cycle). All samples described above were 
compared to freshly prepared ethinylestradiol and 
drospirenone samples at the same concentration level. 
All sample analysis were carried out in a GLP-compliant 
manner and in accordance with the current Brazilian 
Regulatory Agency (ANVISA) requirements and the US 
Food and Drug Administration Bioanalytical method 
validation guidance.
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describing the elimination phase on a log-linear plot, 
using the software SAS® Institute (Version 9.1.3). 
Elimination half-life (T1/2) was derived from this rate 
constant (T1/2 = ln (2)/Ke). The maximum observed 
plasma concentration (Cmax) and the time taken to 
achieve this concentration (Tmax) were obtained directly 
from the curves. The areas under the ethinylestradiol 
(AUC0-72h) and drospirenone

 

(AUC0-144h) plasma 
concentration versus time curves from were calculated 
by applying the linear trapezoidal rule. In ethinylestradiol 
extrapolation of these areas to infinity (AUC0-inf) was 
done by adding the value C72/Ke to the calculated 
AUC0-72h

 

(where C72=plasma concentration

 

calculated 
from the log-linear regression equation obtained for the 
estimation of Ke 72 hours after dose). In drospirenone 
extrapolation of these areas to infinity (AUC0-inf) was 
done by adding the value C144/Ke to the calculated 
AUC0-144h

 

(where C144=plasma concentration 
calculated from the log-linear regression equation 
obtained for the estimation of Ke 144 hours after dose).

 

The bioequivalence between both formulations 
was assessed by calculating individual Cmax, AUC0-t, 
AUC0-inf

 

and Cmax/AUC0-t

 

ratios (test/reference) together 
with their mean and 90% confidence intervals (CI) after 
log transformation of the data. The inclusion of the 90% 
CI for the ratio in the 80% to 125% range was analyzed 
by nonparametric (SAS® Institute Version 9.1.3) and 
parametric

 

(ANOVA) methods.
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Abstract – The lipid components present in biological membranes including erythrocyte 
membrane are significant in regulation of the membrane fluidity as well as transport across the 
membranes. The conflicting results of either increase or decrease or no change have been 
reported in erythrocyte membrane fluidity in type 2 diabetic subjects. The diabetes induced 
dyslipidemia possibly lead to an alteration in erythrocyte membrane lipid composition. Hence a 
study was undertaken to assess erythrocyte membrane lipid alterations in type 2 diabetic 
subjects.  The blood samples from randomly selected type 2 diabetic subjects, attending 
Medical OPD of Basaveshwara Medical College Hospital, Chitradurga, were collected with 
heparin as an anticoagulant. Erythrocyte membrane total cholesterol (mTC), Erythrocyte 
membrane phospholipids (mPL), Erythrocyte membrane phosphatidyl choline, Erythrocyte 
membrane sphingomyelin and Erythrocyte membrane phospholipids/ Erythrocyte membrane 
cholesterol ratio were studied. The results suggests a significant rise in erythrocyte membrane 
cholesterol (mTC, N=1.25±0.31, T2DM= 1.54± 0.14, p<0.001), erythrocyte membrane 
phospholipid contents (mPL, N=6.99±1.84, T2DM=23.44±10.31, p<0.001), Erythrocyte 
membrane sphingomyelin, (N=9.28± 1.37, T2DM=19.32± 2.37), Erythrocyte membrane 
phosphatidyl choline (N=27.08± 1.58, T2DM=26.09±3.04, p<0.001), as well as 
phospholipid/cholesterol ratio (mPL/mTC, N=6.08±2.65, T2DM=11.76±5.31, p<0.001.) in type 
2 diabetic subjects was observed. Though, there is a significant alteration seen between normal 
and diabetic groups, but there was no significant change was observed between male and 
female subjects of both normal as well as diabetic groups. 
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Erythrocyte Membrane Lipid Alteration 
in Type 2 Diabetic Subjects 

G. Rudrappa , Basavaraj Aski , Kashinath R.T. 

Abstract - The lipid components present in biological 
membranes including erythrocyte membrane are significant in 
regulation of the membrane fluidity as well as transport across 
the membranes. The conflicting results of either increase or 
decrease or no change have been reported in erythrocyte 
membrane fluidity in type 2 diabetic subjects. The diabetes 
induced dyslipidemia possibly lead to an alteration in 
erythrocyte membrane lipid composition. Hence a study was 
undertaken to assess erythrocyte membrane lipid alterations in 
type 2 diabetic subjects.  The blood samples from randomly 
selected type 2 diabetic subjects, attending Medical OPD of 
Basaveshwara Medical College Hospital, Chitradurga, were 
collected with heparin as an anticoagulant. Erythrocyte 
membrane total cholesterol (mTC), Erythrocyte membrane 
phospholipids (mPL), Erythrocyte membrane phosphatidyl 
choline, Erythrocyte membrane sphingomyelin and Erythrocyte 
membrane phospholipids/ Erythrocyte membrane cholesterol 
ratio were studied. The results suggests a significant rise in 
erythrocyte membrane cholesterol (mTC, N=1.25±0.31, 
T2DM= 1.54± 0.14, p<0.001), erythrocyte membrane 
phospholipid contents (mPL, N=6.99±1.84, 
T2DM=23.44±10.31, p<0.001), Erythrocyte membrane 
sphingomyelin, (N=9.28± 1.37, T2DM=19.32± 2.37), 
Erythrocyte membrane phosphatidyl choline (N=27.08± 1.58, 
T2DM=26.09±3.04, p<0.001), as well as 
phospholipid/cholesterol ratio (mPL/mTC, N=6.08±2.65, 
T2DM=11.76±5.31, p<0.001.) in type 2 diabetic subjects was 
observed. Though, there is a significant alteration seen 
between normal and diabetic groups, but there was no 
significant change was observed between male and female 
subjects of both normal as well as diabetic groups. 

 Keywords : 
 

I. INTRODUCTION
 

iabetes Mellitus (Type 2)   is a metabolic 
syndrome characterized by chronic hyper 
glycemia and disturbances of carbohydrate, 

protein and lipid metabolism due to underlying insulin 
lack or subnormal functioning of insulin. In diabetic 
patients, a reduction of erythrocyte deformability and an 
increase in whole blood viscosity were correlated with 
microangiopathy (1). The membrane surrounding the 
erythrocytes forms a boundary between the interior of 
the cell and the plasma surrounding it, and severs as a 

phospholipids are asymmetrically arranged in to a lipid 
bilayer two molecules thick. Cholesterol is intercalated 
between the phospholipid molecules. The relative 
amounts of phospholipids and cholesterol are 
responsible for the fluid properties of the erythrocyte 
membrane (19). It is also responsible for the biconcave 
shape and basic structural integrity of the erythrocyte.

 

           The changes of erythrocyte membrane properties 
induced by high levels of free fatty acids or aldehydes 
which are produced in membrane during peroxidative 
processes, may be responsible for long-term 
complications in a number of diseases, such as 
diabetes mellitus (2). It has been also suggested that 
the ability of red blood cells to change their shape is 
decreased in diabetic patients. Such an impairment of 
the red blood cells deformability might be another 
contributing factor to the reduction of blood flow in the 
capillaries (7).

 
 

 

II.

 

MATERIALS AND METHODS

 

   

 
   

 

 
 

D 

α β

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
20

11

19

V
ol
um

e 
X
I 
Is
su

e 
III

  
V
er
sio

n 
I

Se
p t

em
be

r

© 2011 Global Journals Inc.  (US)

The diabetic type 2 subjects (male and 
female) in the age group of 30-60 years attending 
Medical OPD of Basaveshwara Medical College 
Hospital and Research Center, Chitradurga, were 
randomly selected. The normal subjects (male and 
female) were randomly picked among medical students, 
house surgeons and employees of the college as well 
as Hospital, who were in the age group of 30-60 years. 
The normal subjects include 30 males and 06 females; 
whereas diabetic subjects include 59 males and 31 
females.

Blood samples (6-7ml) from the selected 
normal subjects and type 2 diabetic subjects were 
collected, in the fasting state, with heparin as an 
anticoagulant by obtaining informed consent. Plasma 
was separated by centrifugation at 3500 rpm, for 10 
minutes. Erythrocytes were washed three times with an 
aliquot of 5 ml normal saline and were preserved for 
further use. 

The differences of results in the literature led us 
to further investigations of the lipid composition of 
erythrocyte membrane in type2 diabetes.  

membrane cholesterol, membrane phospholipids,
 membrane Phospholipids / cholesterol ratio.

Author  : Department of Biochemistry Basaveshwara Medical College 
&Hospital,Chitradurga-577502,Karnataka,India.
Author : Department of Biochemistry B.M. Patil Medical College,
Bijapur-586103,Karnataka,India.
Author Professor & Head Department of Biochemistry
Subbaiah Institute of Medical Sciences, Shimoga, Karnataka, India

lipids, mostly unesterified cholesterol. Membrane 

barrier to help maintaining the interior of the red cell. It 

(4). Membrane lipids are either phospholipids or neutral 

must be insoluble in aqueous solutions, approximately 
one half of the mass of the human erythrocyte 
membrane consists of lipid, largely arrange as a bilayer 

α

Ω

:



 
 

    

lyse the erythrocytes. This was centrifuged at 3500 rpm 
for 5 minutes. Supernatant was discarded. The 
sedimented membranes were washed 3 times with 3ml 
aliquots of normal saline.  The washed erythrocyte 
membranes were employed for membrane lipid 
phosphorous profile studies.  

 

One part of washed membranes was 
homogenized with 9 parts of chloroform: methanol (1:1 
v/v) mixture for 8 minutes using Potter-

 

Elvejham tissue 
homogenizer. The extracts were used for the estimation 
of membrane total cholesterol (mTC) (12) , Membrane 
total lipids (mTL) (8),

 

and  membrane total 
phospholipids (mPL) (17).

    

The phospholipid profile-

 

membrane phosphatidyl choline (PC), membrane 
sphingomyelin (SM) was estimated in the chloroform: 
methanol extract, using quantitative thin layer 
chromatography procedure (10). Another part of 
washed

    

erythrocyte membranes were homogenized 
with 4 parts of normal saline for 10 minutes and

 

the 
extracts were employed for 

  

membrane free and total 
phosphorous estimation (10). 

 

IV.

 

RESULTS

 

In the present study, a total number of 126 
subjects were employed which includes 36 normal 
subjects and 90 diabetic subjects. The normal subjects 

subjects. Further the diabetic group consisted of 59 
male diabetic subjects and 31 female diabetic subjects. The

 

results of the present study are narrated in table 1 and 2.  
Table 1 gives, membrane total lipids ( mTL ), 

membrane total cholesterol ( mTC), membrane total 
phospholipids (mPL) and calculated ratios of mPL/mTC 
in erythrocytes of  normal subjects  (group 1), in 
erythrocytes of diabetic subjects  (group 2), in 
erythrocytes of normal male subjects (group 3), in 
erythrocytes of diabetic male subjects (group 4),  in 
erythrocytes of normal female subjects (group 5),  and 
in erythrocytes of diabetic female subjects  (group 6). As 
seen from the table 1 there is a significant elevation 
observed in mTC level (p< 0.001) ,  in mPL levels (p< 
0.001) as well as in  mPL/mTC ratio (p< 0.001) in  group 
2 as compared to group1, in group 4 as compared to 
group 3 and in group 6 as compared to group 5. 
However no significant alterations observed in mTL 
levels between group 2 as compared to group 1, group 
4 as compared to group 3 and in group 6 as compared 
to group 5. It is also evident from the table that there is 
no significant alterations observed in mTL levels, mTC 
levels, mPL levels and mPL/mTC ratio between group 4 
and group 6, showing that diabetes mellitus induced 
alterations are common in diabetic male and diabetic 
female subjects Table 2 depicts membrane levels of lipid 
phosphorous profile - free phosphorous, bound 
phosphorous, total phosphorous as well as membrane 
phosphatidyl choline (PC) and membrane 
sphingomyelin (SM) in erythrocytes of normal subjects  

Table-1 :
  
Table showing membrane total lipids (mTL), membrane total cholesterol (mTC),  membrane total phosph-

olipids (mPL) and calculated ratio of membrane phospholipids/membrane cholesterol in normal erythrocytes 
(male/female) as well as in diabetic erythrocytes (male/female). 

 

 

Erythrocyte membrane 
total lipids mg/cc

 

(mTL)

 

Erythrocyte membrane 
total cholesterol mg/cc  

(mTC)

 

Erythrocyte membrane 
total phospholipids 

mg/cc  (mPL)

 

Erythrocyte membrane total 
phospholipids/ cholesterol 

ratio (mPL/mTC)

 
Erythrocyte of 

normal subjects

 

( n = 36 )Group-1

 

5.02

 

+

 

1.62

 

1.25

 

+

 

0.31

 

6.99

 

+

 

1.84

 

6.08

 

+

 

2.65

 
Erythrocyte of 

diabetic subjects

 

( n = 90)Group-2

 

5.35

 

+

 

1.53

 

     

1.54***

 

+

 

0.14

 

           

10.31***        

 

+

 
            

3.44

 

     

11.76***

 

+

 

5.31

 
Erythrocytes of 
 male subjects (n=30)

Group-3

4.88
+

0.89

1.25
+

0.32

7.04
+

1.86

6.14 
+
2.7

Erythrocytes of 
male subjects (n=59)

Group-4

5.35
+

1.53

1.52***
+

0.14

15.52***
+

7.47

11.34***
+

5.28
Erythrocytes of 
female subjects (n=06)

Group-5

5.12

1.01

1.26
+

0.32

7.04
+

1.86

6.14
+

2.7
Erythrocytes of 
diabetic female 
subjects (n=31)

Group-6

5.38
+

1.38

1.48***
+

0.12

16.03 ***
+

6.85

12.84 ***
+

5.30

diabetic

normal

normal

Note: 1.The number in parenthesis shows the number of samples.
         2. Values are expressed as their Mean ± SD. 
         3. p- value * p<0.05, ** p<0.01, *** p<0.001.
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suspension 4 ml distilled water were added and the 
mixture was stirred vigorously with a clean glass rod to 

were consisted of 30 male subjects and 06 female III. PREPARATION OF ERYTHROCYTE 
MEMBRANE

To 1 ml of 50% saturated erythrocyte 



 
 

  
 

 
 

 
 

 
 

 
 

 
 

  
 

 
  

 
 

  
 

 
 

 
 

     
       

 
 

    
        

 
 

 
      

 
 

  
 

 
 

 
 

 
 

 
 

 
 

  
 

 
  
  

 

 
 

 
 

 
 

   
     

 
 

 
        

 
 

 
         

 
 

 
 

 
   

(group 1),  in erythrocytes diabetic subjects 
(group 2), in erythrocytes of normal male subjects 
(group 3), in erythrocytes of diabetic male subjects 
(group 4), in erythrocytes of normal female subjects 
(group 5), and  in erythrocytes of diabetic female 
subjects (group 6).   It is

 

evident from the table that 
there is a significant elevation observed in membrane 
free phosphorous (p<0.001), membrane bound 
phosphorous (p<0.001), membrane total phosphorous 
(p<0.001), and  membrane sphingomyelin (p<0.001) in 
group 2 as compared to group

 

1, in group 4 as 
compared to group 3, and in  group 6 as compared to 
group 5. However, there is less striking change 
observed in membrane phosphatidyl choline in group 2 
as compared to group1 (p<0.01), and in group 6 as 
compared to group 5. Further it is evident from the table 

2 that there is a significant change observed in 
membrane bound phosphorous (p<0.001) and in 
membrane total phosphorous levels  (p<0.001) levels in 
group 4 as compared to group 6, however there is no 
significant alteration observed in membrane free 
phosphorous, membrane SM levels and membrane PC 
levels between these two groups. 

 

V.

 

Discussion

 

Diabetes Mellitus (DM) is a chronic metabolic 
disorder which is widespread and is associated with 
substantial morbidity and mortality. Type 2 DM is

 

a 
chronic disease characterized by hyperglycemia and 
dyslipidemia due to underlying insulin resistance (11). 
Apart  from  hyperglycemia  and  glucosuria  in  diabetes 

 

Table

 

2

 

: Table showing  the membrane levels of membrane lipid phosphorous (Free, bound and total), PC as well 
as SM in erythrocytes of normal male/female and diabetic male/diabetic female subjects.

 

 

Membrane free

 

Phosphorous

 

mg/dl

 

Membrane

 

Bound

 

Phosphorous

 

mg/dl

 

Membrane

 

Total 
Phosphorous

 

mg/dl

 

Membrane

 

Phosphatidyl

 

Choline (PC)

 

mg/dl

 

Membrane

 

Sphingomyelin

 

(SM)

 

mg/dl

 

Erythrocyte of normal 
subjects(n=36) 

Group-1

 

55.94

 
 

±

 
 

9.29

 

24.45

 
 

± 

 

6.07

 

80.10 

 

±

 
 

8.82

 

27.08 

 

± 

 

1.58

 

9.28

 
 

±

 
 

1.37

 

Erythrocyte of 
diabetic subjects

 

(n= 90) Group-2

 

120.70***

 
 

± 

 
    

48.10

 

96.40***

 
 

±

 
    

24.14

 

215.12***

 
 

± 

 

57.98

 

    

26.09**

 
 

±

 

     3.04

 

19.32***

 
 

±

 
   

2.37

 

Erythrocytes of 
 male subjects

 

(n=30)

 

Group-3

 

      54.12 

 

± 

 

3.38

 

         26.12 

 

± 

 

4.80

 

76.80 

 

± 

 

5.45

 

26.12

 
 

±

 
 

0.96

 

9.38

 
 

± 

 

1.12

 

Erythrocytes of 
male subjects

 

(n=59)

 

Group-4

 

126.70*** 

 

± 

 
   

13.28

 

98.40***

 
 

± 

 
    

16.60

 

240.30***

 
 

± 

 
   

21.18

 

29.78***

 

± 

 
   

3.26

 

21.32***

 
 

± 

 
   

1.28

 

Note: 1. The number in parenthesis shows the number of samples.
         2. Values are expressed as their Mean ± SD. 
         3. p- value * p<0.05, ** p<0.01, *** p<0.001.

Erythrocytes of 
female subjects (n=06)

Group-5

56.28
±

4.38

23.38
±

2.26

83.10
± 

6.68

28.32
± 

1.10

9.80
±

1.60
Erythrocytes of 
female subjects (n=31)

Group-6

128.20***
± 
8.60

90.30***
± 

12.11

224.10***
± 

18.80

29.32
± 

4.10

20.80***
±

     0.98

normal

diabetic

normal

diabetic

mellitus, lipid alteration has been observed by many 

workers ( 22, 25, 28 ). The Dyslipidemia in
diabetes mellitus is  related  to  the  type of diabetes  as
well as to the level of glycemic control achieved in
these subjects.

It is known that there exists a symmetrical 
bilayer distribution of lipids in biological membrane 
including erythrocyte membrane. Normally amine rich 
lipids are on the innerline of cytoplasmic side of the 
membrane where as choline rich sphingolipids are on 
outer surface. It  has  been  shown  by  previous  workers
that erythrocyte 
may be related to membrane lipid composition ( 5, 14, 16). 

membrane fluidity as well as deformability

In the present study a significant elevation as 
been observed in mTL, mTC, mPL as well as mPL/mTC 
ratio in diabetic erythrocytes as compared to normal 
erythrocytes (group 2 X group 1), (group 4 X group 3), 
and  (group 6 X group 5). This is in agreement with the 
reports of Bryzewska et. al. (6), and other workers (9, 15, 
18, 27). 
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Such an alteration in erythrocyte membrane 
lipid composition can induce changes in biochemical 
and biophysical properties of erythrocyte membrane 
(21), including activities of various membranes bound 
enzymes and proteins (24). 



 
 

   
  
    

  

 

 

 

  

The   erythrocyte 

 

membrane principally 
consisting of different phospholipid and cholesterol. 
Altered membrane cholesterol, as well as membrane 
phospholipids, including mPL/mTC ratio was observed 
in type 2 diabetic erythrocytes in the present study. 
Though there is an increase in both erythrocyte 
membrane cholesterol (p<0.001) and in erythrocyte 
membrane phospholipids (p<0.001), the increase in 
phospholipids in diabetic erythrocyte seem to be higher 
as there is a significant elevation seen in mPL/mTC ratio 
(p<0.001), (ref.table 1).

 

 

The results in table 2 show a significant raise in 
erythrocyte membrane free phosphorous (p<0.001), 
bound phosphorous (p<0.001), total phosphorous 
(p<0.001),   mPL levels (p<0.001) as well as membrane 
SM levels (p<0.001), in erythrocytes of diabetic subjects 
(group 2) as compared to erythrocytes of normal 
subjects (group 1). The observed results with respect to 
membrane phosphorous profile may suggest a 
reciprocation for alteration in erythrocyte membrane 
phospholipids levels as well as an alteration in 
erythrocyte membrane phospholipid profile in diabetic 
subjects.

 

The results observed in the present studies in 
erythrocytes of diabetic female subjects as well as in 
erythrocytes of diabetic male subjects with respect to 
erythrocyte membrane phospholipid profile, mTC levels, 
mPL levels, and mPL/mTC ratios are  in  (both male/ 
female) agreement with the reports of Juhan Vagus et. 
al. (20).
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It may be concluded from the present studies, 
the lipid changes in erythrocyte membrane in type 2 
diabetic subjects may lead to changes in membrane 
fluidity resulting in possible membrane functional 
alteration, including transport across the membranes. 
However, present study does not show any significant 
alterations in erythrocyte membrane levels of mTL, mTC, 
mPL, and mPL/mTC in erythrocytes diabetic male 
subjects as compared to erythrocytes of diabetic female 
subjects indicating that the changes observed in 
erythrocyte membrane of diabetic population as 
compared to erythrocyte membrane of normal 
population is common to both sexes.      

The membrane lipids specifically phospholipids 
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permeability as well as movement of various 
compounds across the membrane. This is true in case 
of erythrocyte membranes also. It is well established 
that the phospholipid distribution across the erythrocyte 
membrane bilayer is asymmetrical (26). The changes in 
erythrocyte membrane lipid and phospholipid 
composition observed in the present study (ref. table 2) 
may induce changes in the physico-chemical properties 
of erythrocyte membrane as well as in fluidity / rigidity 
(20).
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thiol concentration is reduced thereby creating disturbances in various metabolic pathways, 
especially the pathways of carbohydrate metabolism. Few studies have suggested that the 
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through HMP  pathway.  A study  was undertaken to  assess  the effect of Thiopropanol(3-
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Effect of Thiopropanol on Glucose Utilization in 
Alloxan Diabetic Rat Liver 

Vickram , Divya D  , Veena G Raiker  , Kashinath R T 

Abstract - Cellular thiol-disulfide ratio can be altered by 
exogenously added, readily absorbable thiols or disulfides. 
Many sulphydryl enzymes including glycolytic kinases are 
known to be affected by changes in thiol-disulfide balance. It 
is known  that in diabetes mellitus the tissue total thiol 
concentration is reduced thereby creating disturbances in 
various metabolic pathways, especially the pathways of  
carbohydrate metabolism. Few studies have suggested that 
the alterations in carbohydrate metabolism can be directly 
attributed to modifications in tissue thiol-disulfide balance. 
Certain low molecular weight thiols are known to influence 
glucose utilization in adipocytes probably by replenishing 
cellular NADP levels hence favoring utility of glucose through  
HMP  pathway.  A study   was undertaken to  assess  the 
effect of Thiopropanol  (3-mercapto-1-
weight thiol, on glucose utilization in isolated alloxan diabetic liver 
slices. The results indicate  that the thiopropanol at the dosage 
employed in the present study influences  glucose utilization, 
lactate production, pyruvate production, glucose-6-phosphate 
dehydrogenase as well as hexokinase activities in isolated 
alloxan diabetic liver slices, probably by favoring glucose 
utilization through glycolysis as well as through HMP pathway. 
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I.

 

INTRODUCTION

 

n principle, any enzyme or protein having an

 

accessible thiol essential for its activity is capable of 
yielding itself to cellular changes in thiol-disulfide ratio 

thus making such enzymes or proteins for easy 
modulation [1]. This cellular thiol -  disulfide balance  can 
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be altered by treating animals or isolated tissue with 
readily absorbable thiols or disulfides [1,2,3]. It is known 
that many enzymes particularly glycolytic kinases are 
sulphydryl enzymes and are affected by changes in  
thiol-disulfide balance [1,4-7]. In diabetes mellitus the 
tissue total-thiol concentration is reduced [8] there by 
creating disturbances in various metabolic pathways 
especially the pathways of carbohydrate metabolism.  
There are few studies that suggests that changes in 

carbohydrate metabolism can be directly attributed to 
modifications in tissue thiol-disulfide balance 
[9,10,11,12]. Certain low molecular weight thiols are 
known to influence glucose utilization in adipocytes 
[13,14] which is thought to be probably through 
replenishing cellular NADP levels hence favoring 
utilization of glucose through HMP pathway . Hence a 
study was undertaken to assess the effect of 
thiopropanol (3-mercapto 1-propanol), a low molecular 
weight thiol, on the glucose utilization in isolated alloxan 
diabetic liver slices.

 

II.

 

MATERIALS & METHODS

 

  

All the chemicals employed were of analar 
grade. Alloxan was obtained from Loba chemicals. 3-
mercapto 1-propanol (Thiopropanol) (TP) was procured from 
Sigma-Aldrich chemicals Pvt. Ltd. USA.

 

Male albino rats 
weighing 150-250 g were selected randomly from the 
stock colony of animal house of Basaveshwara Medical 
College & Hospital, Chitradurga, were employed in the 
present study.

 

The chosen rats were housed in plastic 
well aerated cages at normal atmospheric temperature 
(25 ± 5 °C) and normal 12-

 

hour light/dark cycle.

 

The 
rats were maintained on standard stock diet (Amruth Rat 
Feed, supplied by Pranav Agro Industries, Pune, India). 

I

 

α

The feed and the tap water were accessible to the 
animals ad libitum. 

                      

A  single intraperitoneal injection of freshly 
prepared aqueous Alloxan monohydrate (150 mg per kg 
body weight) [15,16] was given to 12 hours fasted rats . 
The onset of diabetes was monitored 48 hours after 
alloxan treatment by using standard Urine Glucose 
Strips(from Qualigens).The rats whose urine showing 
positive for glucose for 3 consecutive days were labeled 
diabetic and were used in the present work.

Author 
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b) Experimental Design :
       The rats were divided into two groups.

Normal group – consisting of 6 male albino rats 
maintained on stock lab diet and tap water ad libitum.

Diabetic group – consisting of 6 male albino alloxan 
diabetic rats maintained on stock lab diet and tap water 
ad libitum.

      The rats of both the groups were 
anesthetized and sacrificed after 30 days. They were 
immediately dissected, the liver tissue was procured, 
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       The  isolated  livers of  both  normal as  well

 

as 
alloxan diabetic rats were cut into small slices of  0.5 g 
each and were employed in the present studies.

 

  

       The  glucose [17], lactic  acid [18]  as  well  as 
the glycogen[19] contents of both pre and post 
incubated liver samples were estimated .Glucose 
utilization by the isolated normal liver slices, control 
alloxan diabetic liver slices(control) and TP-exposed-
alloxan-diabetic liver slices were studied. 

 

d)

 

Procedure : 

 

The zero minute contents of Glucose and lactic 
acid were estimated as follows. To 0.5g of normal liver 
tissue slice or control alloxan diabetic liver slice or TP-
exposed- alloxan- diabetic liver slice(Conc. 5mg 
thiopropanol/0.5g liver tissue slice) 1ml of  freshly 
prepared buffered glucose solution (0.1g % glucose in 
phosphate buffer, pH 7.4) was added and immediately 
3.5ml of 10% TCA(trichloro acetic acid) was added and 
allowed to stand at room temperature for 15 minutes for 
protein precipitation. The contents were thoroughly 
homogenized using Potter Elvehjam Homogenizer and 
centrifuged at 3000rpm for 5minutes. The supernatant 
obtained was employed for both Glucose and Lactic 
acid estimations. Like wise, for the 60 minutes (post 
incubation) levels of glucose and lactic acid, 0.5g 
normal liver slice or control alloxan diabetic liver slice or 
TP-exposed-alloxan- diabetic liver slice was added with 
1ml buffered glucose solution and the tubes were 
incubated at 370C in a thermostatically regulated water 
bath for 60 minutes. Then processed to get the protein 
free supernatant as described above. The glucose 
formed by the liver glycogen breakdown during this 
period was also taken into account by estimating 
glycogen content in the beginning ( at zero minute) and 
at the end of incubation period(at 60 minutes). This 
glycogen-glucose value was taken into consideration 
during glucose utilization calculations. 

 

Glucose utilization was calculated as follows:

 
 
 
 
 
 

Lactate Production was calculated by subtracting zero 
min lactate from 60 minutes lactate. 

 

   

       Glucose - 6 - phosphatedehydrogenase (G6PD) 
{EC:1.1.1.49} and   Hexokinase (HK){EC:2.7.11} activities 
were estimated in isolated normal liver slices , in control 
alloxan diabetic liver slices as well as in TP-exposed-
alloxan-diabetic liver slices(5mg thiopropanol/0.5g liver 
tissue).

 
 

 
 

e)

  

:

 

 

 

Procedure :

  

 

Four test tubes were taken and marked as 
B(reagent blank), S(standard), T(test), C(test control). 
Then 0.2 ml of buffered substrate(L-Alanine [200mMol’L] 
, Oxo-2 –

 

Glutarate [2mMol/L] prepared in Phosphate 
buffer, pH 7.4) was taken in all 4 test tubes. The tubes 
were kept at 370C in a thermostatically controlled water 
bath for 5 minutes. Then 0.02 ml of glass distilled water, 
0.02 ml standard pyruvate solution (2mMol/L) and 
0.02ml supernatant were added into tubes B, S and T 
respectively and the contents were mixed well. All the 
tubes were incubated for 30 min. at 370C in a water 
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bath. At the end of the incubation, 0.2ml of DNPH 
(1mMol/L) was added to all the tubes. Then 0.02 ml of 
supernatant was added to the tube ‘C’ and all the tubes 
were allowed to stand at room temperature for 
20minutes. Later 2ml of 0.4N NaOH was finally added 
into all the tubes, the contents were mixed and the tubes 
were allowed to stand for 5 min. at room temperature. 
The optical density (OD) was read at 540nm in 
Spectrophotometer against glass distilled water. The 
test-control OD gives the pyruvate content in the 
beginning ie, at zero minute and the test OD gives the 
pyruvate content at the end of 30minutes.  Pyruvate 
produced was calculated by subtracting T from C.

The statistical analysis of the data obtained was 
done using Microsoft Office Excel worksheet and the P 

washed and refrigerated with cold PBS(Phosphate 
buffer saline , pH 7.4) at 0-2 0C till further use.

(probability) value was calculated by Student‘t’ test.

       The animal experiments were conducted as per the 
norms of CPCSEA (Committee for the Purpose of 
Control and Supervision of Experiments on Animals), 
New Delhi and IAEC (Institutional Animal Ethical 
Committee) of  Basaveshwara Medical College, 
Chitradurga.

© 2011 Glob al Journals Inc.  (US)

c)  Glucose Utilization Studies and Lactate Assay : 

  Enzyme Assays :

Pyruvate Assay

f)  Statistical Evaluation : 

g)  Ethical Consideration : 

Procedure : 0.5g of normal liver slice or control 
alloxan diabetic liver slice or TP-exposed-alloxan-diabetic 
liver slice was taken in a test tube containing 1ml of phosphate

end of the 
from the water bath and 3.5ml of
was added to all the tubes. 
and centrifuged for 5 
employed for the estimation of G6PD [20,21,22] and HK[23].

at 37 0C in  

The pyruvate content  in isolated normal liver 
slices , in control alloxan diabetic liver slices as well as 
in TP - exposed – alloxan - diabetic liver slices (5mg 
thiopropanol/0.5g liver tissue) was estimated using 
Dinitro phenyl hydrazine (DNPH) [24] reaction. The same 
supernatant which was used for the enzyme assays as 
described above was employed for pyruvate estimation 
also.

buffer (pH 7.4) and the contents were incubated for 60 minutes

a thermostatically regulated water bath. At  the 
incubation period , the tubes were removed 

Phosphate buffer, (pH7.4)
Then contents were homogenized

min at 3000rpm.The supernatant was

       

Glucose utilization/hr/g liver tissue ={zero min. glucose + (zero min. glycogen -60 min. glycogen). - 60 min.glucose} 



 
 

 

  

 

  

 

III.

 

RESULTS

 

       Table

 

-

 

1 gives the glucose utilization per 
hour, lactate production per hour, pyruvate production 
per hour, as well as G6PD and HK activity in isolated 
normal liver slices, control alloxan diabetic liver slices 
and alloxan diabetic liver slices exposed to 
thiopropanol. It is evident from the table that glucose 
utilized per hour, lactate produced per hour, pyruvate 
produced per hour, G6PD activity  as well as HK activity 
in control alloxan diabetic liver is significantly 
lowered(p<0.001) as compared to normal liver values. 
Where as the same parameters are significantly 
increased (p<0.001) in TP-exposed-alloxan diabetic 
liver slices as compared to control alloxan diabetic liver 
slices.

 

      Graph 1, 2 and 3 gives the comparative 
results of glucose utilization, pyruvate production, 
lactate production, HK activity as well as G6PD activity 
in isolated normal liver slices, control alloxan diabetic 
liver slices and in TP-exposed-alloxan diabetic liver 
slices. It is evident from these graphs that these 
parameters are significantly lowered in control alloxan 
diabetic liver slices as compared to normal liver slices 
while the same parameters are statistically improved 
upon exposure of alloxan diabetic liver slices to 
thiopropanol( 5mg/0.5g liver).

 

IV.

 

DISCUSSION

 

      Alloxan is known to induce diabetes by 
selectively damaging beta-cells of pancreas[15] thereby 
affecting insulin production and insulin release. This 
decreased or non-availability of insulin results in lowered 
glucose uptake and utilization by alloxan diabetic liver 
slices. The decreased glucose utilization in control

 

alloxan diabetic liver as compared to normal liver 
observed in the present study may be due to decreased 
insulin levels in alloxan diabetic rats. There are few 
earlier studies regarding influence of thiols on glucose 
utilization [25-29] suggesting that thiols stimulate 
utilization of glucose through pentose cycle as well as 
favor incorporation of glucose-

 

carbon into fatty acids 
which are more similar to insulin action. Many enzymes 
of glycolytic pathway, including hexokinase, 
phosphofructokinase and pyruvate kinase are thiol 
enzymes[1,4-7] and are expected to be altered by 
cellular thiol concentrations. The data of the present 
study given in table- 1 as well as in graphs 1, 2 and 3 are 

 

5mg/0.5g) might have improved the cellular thiol levels 
hence keeping the enzymes in their thiol nature thus 
favoring their activities resulting in increased glucose 
utilization as evidenced by increased lactate and 
pyruvate production as well as raise in HK activity in TP-

diabetic liver slices, observed in the present study 
agrees with our previous report [30].Further it is known 
that certain low molecular weight thiols mimics the 
actions of insulin probably by acting as substrates for 
NADPH oxidase (NOX) system [31] thus, may show 
certain actions of insulin, hence may favor glucose 
utilization. This action of low molecular weight thiols 
through NOX system may increase the cellular NADP 
levels and may facilitate glucose utilization through HMP 
pathway. Our results shown in table-1 as well as in 
graphs 1, 2 and 3 agrees with this as there is an 
increase in glucose utilization with a parallel raise in the 
G6PD activities in TP-exposed-alloxan –diabetic rat liver 
slices(test) as compared to control alloxan diabetic rat 
liver slices

 

       It may be concluded from the

 

present study 
that thiopropanol at the concentration of 5mg/0.5 g liver 
tissue slice increases glucose utilization by the alloxan 
diabetic liver slices probably by favoring glucose-
utilization through glycolysis as well as HMP pathway.
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Table 1

 

: Table showing the glucose utilization per hour, lactate production per hour, pyruvate production per 
hour as well as G6PD & HK activity in isolated normal liver slices, alloxan diabetic liver slices & in alloxan 

diabetic liver slices exposed to thiopropanol.
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Groups Glucose 
Utilization mg/g/hr

Lactate production
µg/g/hr

Pyruvate
Production mg/g/hr

G6PD
Units

Hexokinase
Units

Normal Liver
(6)

8.78
±

0.56

698.91
±

18.48

13.59
±

0.36

77.17
±

1.44

170.04
±

2.13
Control Alloxan 

Diabetic Liver (6)
4.64***

±
0.50

366.20 ***
±

15.35

10.19***
±

0.49

16.08***
±
1.44

88.15***
±

2.86
TP-Exposed-

Alloxan Diabetic 
Liver  (6)

8.05***
±

0.64

571.53 ***
±

10.80

12.61***
±

0.98

41.80***
±

1.44

127.47***
±

1.51

21. Kachmar J.F., Moss.D.W, : Enzymes. In 
Fundamentals of Clinical Chemistry Ed. By N.W. 

Note: 1. Number in parenthesis indicate the number of liver specimen
      2.  The values are expressed as their mean ± SD
      3. Statistical evaluation-probability level* p< 0.05, ** p<0.01, *** p< 0.001

      
      

15.

© 2011 Global Journals Inc.  (US)

Teitz, Saunders Philadelphia 1976 pg. 666-672.
22. Gross R.T., Hurwitz R.E., Marks P.A.: Red Cell 

Glucose-6-phosphate dehydrogenase deficiency. J. 
Clin. Invest (1976) 37.176.

4. G6PD 1 unit = amount of NADPH produced/minute/g liver tissue
5. HK 1 unit = 1mµMol phosphate transferred /hr/mg liver tissue
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         Graph-1

Graph showing glucose utilization per hour and 
pyruvate production per hour in normal liver, control-

alloxan diabetic liver and in TP-exposed-alloxan 
diabetic liver
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Graph-3

Graph showing HK activity and G6PD activity in normal 
liver, control-alloxan diabetic liver and in TP-exposed 

alloxan diabetic liver
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Plasma Sialic Acid Levels in Alloxan Diabetic Rats 
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Abstract – Diabetes mellitus (DM) induced hyperglycation of cellular and membrane proteins 
may result in altered ionic nature as well as an alteration in 3 dimensional structures of these 
molecules, thus resulting in a possible functional variation. Sialic acid (SA), a constituent of 
glomerular basement membrane (GBM) is a newly established potent indicator for the 
development of macro and microvascular complications in DM and its elevated levels are 
observed in DM patients with microalbuminuria and clinical proteinuria. Probably this elevation in 
SA may be due to increased SA release from the renal GBM due to hyperglycation. This 
biochemical alteration is the main initiating factor for the pathophysiology of diabetic 
complication, nephropathy. Diallyl disulphide (DADS), the principle compound of garlic oil, is well 
known for its anti-diabetic properties. Hence a study was undertaken to assess the anti-glycation 
properties of DADS and its usefulness in prevention of de-sialation of GBM, in alloxan diabetic 
kidneys, thereby to establish any beneficial effects of DADS in prevention of renal complications 
in DM. The current study showed a significant decrease (p<0.001) in kidney glycated proteins 
and plasma SA levels in DADS treated diabetic rats as compared to diabetic control rats. Hence 
it can be concluded that DADS helps in preventing glycation of renal proteins and de-sialation of 
GBM which may be useful in prevention of diabetic nephropathy. 
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Abstract -

  

Diabetes mellitus (DM) induced hyperglycation

 

of 
cellular and membrane proteins may result in altered ionic 
nature as well as an alteration in 3 dimensional structures of 
these molecules, thus resulting in a possible functional 
variation. Sialic acid (SA), a constituent of glomerular 
basement membrane (GBM) is a newly established potent 
indicator for the development of macro and microvascular 
complications in DM and its elevated levels are observed in 
DM patients with microalbuminuria and clinical proteinuria. 
Probably this elevation in SA may be due to increased SA 
release from the renal GBM due to hyperglycation. This 
biochemical alteration is the main initiating factor for the 
pathophysiology of diabetic complication, nephropathy. Diallyl 
disulphide (DADS), the principle compound of garlic oil, is well 
known for its anti-diabetic properties. Hence a study was 
undertaken to assess the anti-glycation properties of DADS 
and its usefulness in prevention of de-sialation of GBM, in 
alloxan diabetic kidneys, thereby to establish any beneficial 
effects of DADS in prevention of renal complications in DM. 
The current study showed a significant decrease (p<0.001) in 
kidney glycated proteins and plasma SA levels in DADS 
treated diabetic rats as compared to diabetic control rats. 
Hence it can be concluded that DADS helps in preventing 
glycation of renal proteins and de-sialation of GBM which may 
be useful in prevention of diabetic nephropathy.

 

Keywords :

  
 

I.

 

INTRODUCTION

 

on enzymatic glycosylation of cellular and 
membrane proteins

 

will be normally proportional 
to available free glucose in the tissues (1). It can 

be expected that a consistent hyperglycemia in diabetic 
subject may induce hyperglycation

 

of tissue proteins, 
membrane proteins or even membrane lipids.  This 
probably may result in altered ionic nature as well as 3 
dimensional structures of these molecules, thus 
resulting in a possible functional alteration. It has been 
observed by earlier workers that glycation of collagen of 
glomerular basement membrane (GBM) alters its 
structure and function, including changes in net charge 
(2-4). 

 

Sialic acids (SA), a class of 9 membered 
ketoses, a common terminal sugar unit of the 

oligosaccharide of glycoproteins and glycolipids, which 
are components of GBM proteins. SA plays important 
role in maintaining negative charge of the renal 
glomerular basement membrane, one of the main 
regulators of glomerular permeability (5,6). It may be 
speculated that vascular permeability is regulated by SA 
moieties. This SA apparently enter the circulation by 
either shedding or cell lysis and are of considerable 
interest because of their potential diagnostic value in 
various conditions (7-9) including microangiopathies, 
observed in DM (10). 

 
Garlic (Allium sativum) is one of the most 

commonly studied medicinal plant worldwide, for its 
antihyperglycaemic and antihyperlipidemic properties. 
Diallyl disulphide (DADS), the principle sulphur 
compound of steam-distilled garlic oil (11,12) is 
probably responsible for the anti-diabetic, anti-
hyperlipidemic, anti-atherogenic as well as anti-
carcinogenic actions of garlic (13-17).  

  
Hence a study was undertaken to study the 

effects of DADS on renal protein glycation

 

and its 
usefulness in prevention of de-sialation of GBM in 
alloxan diabetic rats.  

 II.

 

MATERIALS AND METHODS

 Alloxan and Diallyl disulphide (DADS) were 
procured from Sigma Chemical Company. Sialic acid 
(analytical grade) was obtained by the courtesy of 
Biochemistry Department, VM Medical College, 
Sholapur, India. All other chemicals employed were of 
analytical grade. Male albino rats, weighing 200-250g 
randomly selected from Central Animal House, BMCH, 
Chitradurga, India, were used for the present 
investigation. The animals were maintained on a 
standard rat feed from Amrut rat feeds, Bangalore, 
supplied by Pranav Agro Industries, Pune, India. The 
experiments were conducted according to the norms 
approved by Ministry of Social Justice and 
empowerment, Government of India, and Institutional 
Animal Ethics Committee (IAEC) guidelines. The animals 
were fasted overnight and  Diabetes was induced by a 
single intraperitoneal injection of freshly prepared 
alloxan (150mg/kg body wt.)

 

(18), in sterile normal 

N
 

Author : Assistant professor, Department of Biochemistry, 
Vijayanagara Institute of Medical Sciences,  Bellary, India.
Author : Research scholar, Department of Biochemistry, 
Basaveshwara Medical College & Hospital, Chitradurga, India.
Author : Professor & Head, Department of Biochemistry, Subbaiah 
Institute of Medical Sciences, Shimoga India.

saline. The animals were considered diabetic if their 
blood glucose were above 250mg/dl and urine showed 
consistent glucosuria. The treatment was started on 5th

day after alloxan injection and was considered as first 
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Diallyl disulphide, protein glycation, sialic
acid, Diabetic nephropathy.



 

groups comprising six rats in each group as follows:

 

Group I :

 

Normal rats –

 

which were fed on 30 ml of  
normal saline per kg body weight, through gastric 
intubation, daily for 90 days.

 

Group II :

 

Diabetic Control rats -

 

which were fed on 
normal saline 30ml

 

/ kg body weight, through gastric 
intubation, daily for 90 days. 

 

Group III :

 

Diallyl disulphide (DADS) treated Diabetic rats 
–

 

which were fed on DADS (100mg/ kg body weight) 
prepared in normal saline, given as 30ml / kg body 
weight suspension, through gastric intubation, daily for 
90 days. 

 

         On completion of the stipulated period the rats 
were anaesthetised and were sacrificed. Blood was 
collected in heparinised tubes. Kidneys were dissected 
and their net weight was noted. Immediately the kidneys 
were processed as follows. One part of kidney was 
homogenised with 9 parts of cold Phosphate buffer (pH 
7.4) and the extract was used for total proteins (19) and 
carbohydrate content of these protein [Glycated protein] 
(20). The free sugar content of phosphate buffer extract 
was estimated by Folin Wu method (19)

 

and the value 
obtained was deducted from the total carbohydrate 
content of phosphate buffer protein to calculate 
glycated protein content. A part of whole blood was 
centrifuged at 3500 rpm for 6-8mins and the plasma 
was used for estimation of glucose (19)

 

and sialic acid 
levels (21). Part of renal tissue was collected in buffered 
formalin and was processed for histopathological 
studies.

 

III.

 

RESULTS

 

Results obtained in the present study are 
elaborated in Table 1. 

 

IV.

 

DISCUSSION

 

The most severe chronic complication of DM is 
nephropathy, which involves a definite alteration in GBM 
thickness as well as GBM composition. There are 
several reports indicating alterations in GBM in diabetes 
which is thought due to hyperglycation of GBM proteins 
(4) and possibly including renal lipids also. The results 
obtained in present study which is narrated in table 1 
clearly indicates that there is a significant increase in 
protein glycation (p < 0.001) in alloxan diabetic rats as 
compared to normal rats. This hyperglycation of renal 
proteins including GBM proteins may lead to altered 
functioning of these proteins which may result in 
changed GBM functions leading to the renal 
complications. 

 

Sialic acid contributes to the maintenance of the 
negative charge of the renal glomerular basement 
membrane (22). It is well established that vascular 
endothelium carries a high level of SA (23), and the 
vascular damage leads to its release into the circulation. 
It has been reported that serum SA levels are increased 
in diabetic patients with albuminuria (24) and further, 

several authors found the increased urinary 
concentration of SA in diabetic patients with 
microangiopathy (25). In addition, decrease in SA 
content in glomerulus is observed in human diabetes 
and also in alloxan diabetic rats (26). A relationship 
between serum SA levels and microvascular 
complications has been observed before, in diabetic 
patients with microalbuminuria and clinical proteinuria 
(24).   

 

Protein hyperglycation, a common 
phenomenon observed in DM, is responsible for 
glycation of tissue and membrane proteins, resulting in 
misorientation and malfunction of these proteins. This 
glycation of membrane proteins do alter the 3 
dimensional structure (4) as well as ionic nature of 
protein resulting in the altered orientation of its domains. 
Such an alteration in the GBM proteins may lead to 
exposure of the sialated portions of the membrane 
proteins, hence making them easily accessible for the 
action of sialidase enzyme. This may lead to removal of 
SA which in part may account for the increased plasma 
SA levels which is in agreement with the results given in 
table I.  The observed elevated SA levels in alloxan 
diabetic rats is in agreement with earlier studies in 
diabetic nephropathy (24,27,28). A parallel raise in 
plasma SA levels along with increased glycation of renal 
proteins (ref. table I) indicates, the raised SA observed 
in alloxan diabetic rats might have araised from de-
sialation of GBM proteins which may be due to glycation 
induced 3 dimensional alteration in GBM proteins. This 
is in agreement with the Studies of Alvaro C et al (29) 
and Lisette CF et al

 

(30). This de-sialation of GBM 
proteins may alter their ionic nature, a decrease in 
negative charges leading to percolation of albumin 
which probably results in microalbuminuria, a 
predisposing factor observed prior to frank 
nephropathy. 

 

A significant decrease in plasma SA levels 
(p<0.001) as well as a significant decrease in renal 
protein glycation (p<0.001) in DADS treated alloxan 
diabetic

 

rats (group II rats) decisively indicates that 
DADS got a significant role in inhibiting protein glycation 
in alloxan diabetic rats. DADS, a disulphide, may be 
involved in sulphydryl exchange reactions with proteins 
or enzymes (31)

 

similar to any other disulphide as 
follows:  

 
 

R1-

 

S-S-R1 + R2 –SH  ----

 

>  R1-S-S-R2  +  R1-

 

SH

 

day of treatment. The rats were divided into three 

Sialidase being a sulphydryl enzyme (32), might 
have undergone similar sulphydryl exchange reaction 
with DADS, that might have lowered the activity of 
sialidase enzyme, thereby retaining SA residues on 
GBM proteins, hence maintaining its shape as well as 
their negative ionic nature, thus preventing the 
percolation of albumin. This hypothesis is further 
supported by decreased plasma SA levels in the DADS 
treated diabetic rats, observed in present study (ref. 
table I) and supported by histopathological studies (ref. 
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figure 1,2,3), suggesting a usefulness of DADS in 
prevention of renal complication in alloxan diabetic rats.

 

Hence it can be concluded that DADS, a 
disulphide may decrease GBM protein glycation and 
prevents de-sialation of GBM, thus retaining the 
normalcy of GBM proteins resulting in delaying or 
decreasing diabetes induced renal changes. Thereby 
DADS may be useful in prevention of renal complication 
in alloxan diabetic rats. Further studies with respect to 
other animal models may certainly prove the therapeutic 
application of DADS in prevention of development of 
diabetic nephropathy.
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Table 1

 

: 

 

shows the plasma glucose levels, plasma sialic acid levels along with renal glycated proteins of normal 
rats (group I), alloxan diabetic control rats (group II) and DADS treated alloxan diabetic rats (group III) :

 
 

 

X                                       
                                                                                                                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Note:

 

1. Number in parentheses indicate the number of animals in each group.

 

          2. The values are expressed as their mean +

 

SD

 

          3. Significance level * p < 0.05; ** p < 0.01; *** p < 0.001

 
 

 

Plasma glucose

 

mg/dl

 

Renal

 

Total Proteins

 

mg/g

 

Renal

 

Glycated      Protein

 

%

 

    Plasma

 

Sialic acid

 

mg/dl

 

Group I

 

(n=6)

 

112.26

 

+

 

19.6

 

145

 

+

 

32.01

 

5.8

 

+

 

1.7

 

66.12

 

+

 

9.40

 

Group II

 

(n=6)

 

623.66***

 

+

 

102.08

 

120*

 

+

 

24.5

 

     22.5***

 

+

 

5.0

 

     100.32***

 

+

 

15.12

 

Group III

 

(n=6)

 

565.00

 

+

 

135.01

 

110

 

+

 

22.36

 

     13.1***

 

+

 

3.0

 

     84.82**

 

+

 

10.24
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Fig. 1 : Normal rat kidney — slide showing normal glomeruli indicated by arrows.  (H&E X10).
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Fig. 2 :

 

Alloxan

  

diabetic rat kidney --

 

slide showing oedematous glomeruli indicated by

 

arrows along with increased cellular infiltration and glycogen granules. (H&E X10).

 
Fig. 3 : DADS treated alloxan diabetic rat kidney –

slide showing normal glomerulus indicated by arrows. (H&E X10).
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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. 

 
 
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. 
 
11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

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

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

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

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  
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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. 

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. 

29. 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 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 
 
34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

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. 

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 



 

                © Copyright by Global Journals Inc. (US) | Guidelines Handbook 

 
XIII 

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. 

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

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  
 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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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. 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

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

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

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

Discussion:  

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

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

ADMINISTRATION RULES LISTED BEFORE 

SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

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.  
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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. 



© Copyright by Global Journals Inc. (US) | Guidelines Handbook

XVIII 

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



 
       

 

  
  
  

  
  

  
  

  
  

 

  

 

  

  
  

  
  

  

  
  

  

 

  
  

  
  

 

  

 

  
  

 

  
  

  

 

  
  

   
  

 

      

 

  

  

 

  

 

  

  
  

  
  

 

  
  

 

  

 

  
  

  
  
  

Index                 

A 

C 

D 

G 

H 

I 

  

  

L 

Agricultural · 9, 11
Aldrich · 43
alteration · 32, 36, 37, 38, 55, 57, 58
alterations · 32, 34, 38, 39, 43, 57, 59

Basaveshwara · 32, 33, 43, 46, 55
bioavailability · 16, 26
Biochemistry · 33, 39, 40, 43, 49, 55, 60
Bovine · 1, 3, 5, 7, 9, 11, 13, 15, 61
Brain · 61

cardiovascular · 60
cellular · 43, 47, 48, 55, I
compared · 7, 17, 18, 23, 34, 36, 37, 38, 40, 47, 48, 55, 57
concentration · 18, 23, 24, 43, 48, 58, 60
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Coprological · 4, 5
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derivatization · 18, 22, 26
Determination · 3, 26, 27, 39
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disturbances · 32, 43
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gastric · 57
glucocorticoid · 16
Glucose · 40, 43, 44, 45, 46, 47, 49, 51, 53
gluthamil · 20
glycolipids · 55
Government · 56

hexokinase · 43, 47

Institutional · 46, 56

laboratory · 4, 18, 20
Lymnaea · 9
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Fasciola · 1, 4, 5, 7, 8, 9, 11
Fasciolosis · 1, 3, 5, 7, 9, 11, 13, 15
Function · 25, 39
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Elimination · 18, 24
ethinylestradiol · 16, 17, 18, 19, 20, 21, 22, 23, 24, 26, 27
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Phospholipids · 32
Postmenopausal · 24
Prevalence · 1, 3, 5, 7, 9, 11, 13, 15

randomly · 4, 21, 32, 43, 56
Recoveries · 23

summarized · 18

temperature · 3, 7, 8, 21, 22, 43, 45
Topography · 3
transformation · 20, 24

Ziway · 7, 9
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membrane · 32, 34, 36, 37, 38, 39, 40, 55, 57, 58, 59
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