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A Study of Single and Combined Cytotoxic Effects of 
Fumonisin B1, Aflatoxin B1 and Ochratoxin a on Human 
Mononuclear Blood Cells using Different Cytotoxic Methods    

By Mwanza Mulunda & Michael F Dutton   
North West University , South Africa  

Abstract - Several studies on cereals destined for animal or human consumption in South Africa and Africa have 
shown co-contaminations of mycotoxins. There is evidence to suggest that the simultaneous action of different 
mycotoxins at various concentrations might have synergistic, inhibitive or additive effects on human and animal 
cells. The aims of this study were to identify combined cytotoxic effects of three of the more commonly occurring 
mycotoxins (aflatoxin B1 (AFB1) fumonisin B1 (FB1) and ochratoxin A (OTA)) found in South African and other feeds 
using the methyl thiazoltetrazolium (MTT) cytotoxicity assay, the Comet assay and Flow Cytometry to detect 
apoptotic and necrotic cells after exposure to the three toxins. Human mononuclear blood cells (mononucleocytes) 
were exposed to the three mycotoxins both singularly and in combinations at two concentrations (5 and 40ng/ml for 
OTA and AFB1 and 5 and 40μg/ml for FB1) and at different exposure time of 12, 24 and 48Hours. Results obtained 
showed cell viability variations dependent on mycotoxin concentrations and time of exposure. In addition, synergistic 
effects were also observed at the higher doses of 40ng for OTA and AFB1) and 40μg/ml for FB1 of the three 
mycotoxins compared to combinations of lower doses.  

Keywords: cytotoxicity, synergism, additive, mononucleocytes, mycototoxins, carcinogenic, aflatoxin b1, fumonisin 
b1, ochratoxin a. 
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A Study of Single and Combined Cytotoxic 
Effects of Fumonisin B1, Aflatoxin B1 and 

Ochratoxin a on Human Mononuclear Blood 
Cells using Different Cytotoxic Methods 

Mwanza Mulunda α & Michael F Dutton σ

Abstract- Several studies on cereals destined for animal or 
human consumption in South Africa and Africa have shown 
co-contaminations of mycotoxins. There is evidence to 
suggest that the simultaneous action of different mycotoxins at 
various concentrations might have synergistic, inhibitive or 
additive effects on human and animal cells.  The aims of this 
study were to identify combined cytotoxic effects of three of 
the more commonly occurring mycotoxins (aflatoxin B1 (AFB1) 
fumonisin B1 (FB1) and ochratoxin A (OTA)) found in South 
African and other feeds using the methyl thiazoltetrazolium 
(MTT) cytotoxicity assay, the Comet assay and Flow Cytometry 
to detect apoptotic and necrotic cells after exposure to the 
three toxins. Human mononuclear blood cells 
(mononucleocytes) were exposed to the three mycotoxins 
both singularly  and in combinations at two concentrations (5 
and 40ng/ml for OTA and AFB1 and 5 and 40µg/ml for FB1) 
and at different exposure time of 12, 24 and 48Hours. Results 
obtained showed cell viability variations dependent on 
mycotoxin concentrations and time of exposure. In addition, 
synergistic effects were also observed at the higher doses of 
40ng for OTA and AFB1) and 40µg/ml for FB1 of the three 
mycotoxins compared to combinations of lower doses. 
However, FB1 showed low cytotoxicity effect inducing 
inhibitive effect when combined with the other two mycotoxins. 
These results confirms the hypothesis of possibility of the three 
mycotoxins when combined induced with synergistic effect 
and imply that exposure to more than one mycotoxin might 
change the symptomatology and severity of effects observed 
during single intoxications by mycotoxins. 
Keywords: cytotoxicity, synergism, additive, 
mononucleocytes, mycototoxins, carcinogenic, aflatoxin 
b1, fumonisin b1, ochratoxin a. 

I. Introduction 

ycotoxins are toxic fungal metabolites that when 
ingested (main route of exposure), inhaled or 
absorbed through the skin, may pose varying 

negative health effects [1].  Mycotoxin effects and 
symptoms vary from  one  case  to  another  because  of 
 
Author α σ: Department of Animal Health, Faculty of Agriculture and 
Technology, North West University, Mafikeng Campus, Private Bag 
X2046 Mmabatho2735, South Africa.  
e-mail:Mulunda.Mwanza@nwu.ac.za 
Author σ: Food, Environment and Health Research Group, Faculty of 
Health Science, University of Johannesburg, Doornfontein Campus, 
2028 Gauteng,  P.O. Box 17011, South Africa. 

their high variable structural chemistries and different 
toxicological properties [2]. Toxicological studies in vitro 
and in vivo conducted to establish the role of 
mycotoxins in causing diseases showed that there is 
prima facia evidence that a number of these fungal 
metabolites are involved in the aetiology of certain 
diseases and may be synergistic in action [1]. As such, 
a wide range of mycotoxin effects on animals and 
humans include: cytotoxic, nephrotoxic and neurotoxic, 
carcinogenic, mutagenic, immunosuppressive and 
oestrogenic effects [2]. Diseases caused by such 
exposures are generally referred to as mycotoxicoses, 
which can be acute and/or chronic depending on the 
level and period of exposure, although the precise 
effects may vary among species and to some extent, 
individuals. Disease conditions caused by mycotoxin 
actions are: impaired or retarded growth, immuno-
suppression, general organ damage, various cancers 
and death [4].   In addition, synergistic effect between 
mycotoxins might affect the occurrence of diseases 
such as tuberculosis, malaria, kwashiorkor and HIV [4,5; 
6] which are prevalent in Africa where exposure to 
dietary mycotoxins is common [7; 8]. This is because 
staple diets in many African households are based on 
cereals such as maize which is highly susceptible to 
AFs and FB contamination [8]. 

Structurally, fumonisin B1 (FB1) resembles 
sphingosine; an essential component of phospholipids 
found in cell membranes, responsible for cell signal 
transduction pathways, cell growth, differentiation and 
cell death [9] and hence may interfere with these 
functions.   A specific toxic action of FB1 appears to 
result from its competition with sphingosine and 
sphinganine in sphingolipid metabolism, which results in 
blocking the synthesis of the sphingolipids, causing 
elevated sphingoid bases and depleting sphingolipids 
[10; 11]. A concern with FB1 exposure in humans is 
because of its carcinogenic properties demonstrated in 
rats [12]. Although there is evidence to suggest a close 
association between increased levels of FB1 in maize 
and high prevalence of human oesophageal cancer 
[13], the hypothesis that is involved in the aetiology of 
this disease has not been demonstrated in any animal 
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spp. including primates and rats [14]. In addition, FB1 
has been implicated in human liver cancer in Haimen, 
Jiangsu Province, China [15] and cardio-vascular 
disorders [16; 17]. Fumonisin B1 has also been 
implicated in the reduction of the uptake of folate in 
different cell lines and hence, been implicated in neural 
tube defects in human babies [18; 19; 20].  

Aflatoxin B1 (AFB1) has been associated with 
liver cancer as well as kidney damage [21] and has 
been classified in Group 1 of carcinogens [21]. Aflatoxin 
B1 (AFB1) has been proven to be a cancer inducer via 
metabolic activation by cytochrome p540 specifically 
CYP3A4, CYP3A5 and/or CYP1A2 [22]. Approximately 
55% of the hepato-carcinomas from areas where food is 
contaminated with AFB1 contain an AGG - AGT 
mutation at code 249 of the p53 tumour suppressor 
gene [24].  Aflatoxin B1 enters the cell and is 
metabolised either in the endoplasmic reticulum to 
hydroxylated metabolites that are further metabolised to 
glucuronide and sulphate conjugates or oxidised to the 
reactive epoxide that undergoes hydrolysis and can 
bind to proteins resulting in cytotoxicity [24].  Aflatoxin 
B1 is also immuno-suppressive and has been 
implicated in Reye's syndrome characterised by cerebral 
oedema and accompanied by fatty acid degeneration of 
the liver, kidneys, myocardium and fibres of the striated 
muscles [4]. Aflatoxin B1 affects the liver and is linked 
with kwashiorkor [7].  Studies have also shown the 
formation of aflatoxin-albumin adducts levels in children 
exposed to AFB1 contaminated milk [25]. 

Ochratoxin A is known as a potential serious 
carcinogen [26]. The primary toxic effects of OTA seems 
to be protein synthesis inhibition by the inhibition of 
enzymes acting on phenylalanine metabolism, lipid 
peroxidation and mitochondrial function [27] and/or may 
cause DNA single-strand breakages with a later stage 
genotoxicity and  carcinogenicity [28]. Ochratoxin A 
immunotoxicity has also been demonstrated [28]. 
Possibilities of increasing mutagenicity in case of 
simultaneous occurrence of OTA with AFB1 in the same 
commodity have been reported [8]. Ochratoxin A has 
been implicated in the Balkan Endemic Nephropathy, a 
chronic progressive kidney disease, which is 
characterised by progressive hypercreatinaemia, 
uraemia, hypertension, oedema [29; 30]; acute renal 
failure and acute tubular necrosis [31; 32]. The rural 
populations in the Balkan states have a high incidence 
of chronic kidney problems and tumours of the excretory 
organs [33]. Despite the seriousness of the problem, 
studies have not completely elucidated the mechanism 
of action or extent of the carcinogenic potential of OTA 
in humans [34; 35].  

Several studies conducted in South Africa, 
Nigeria, Bulgaria and other countries [2] have shown 
mycotoxins co-occurrence in food and feed. This co-
occurrence may lead, in addition to their individual 
cytotoxicity effects, to completely modified clinical 

findings of the mycotoxicosis in consumers [1]. This can 
affect the body response in case of the treatment of 
chronic diseases such as diabetics, tuberculosis or 
other viral diseases and also in immune suppressed 
patients such as HIV/AIDS affected populations.  It is 
important to mention that there are some variances with 
the manifestation of various mycotoxicoses, especially 
with the clinical or morphological pictures, which in 
many cases are influenced by the secondary bacterial 
infections as a result of the pronounced 
immunosuppression in the affected individuals [36]. 

II. Materials and Methods 

a) Materials 

All chemical and mycotoxin standards used in 
this study were of analytical grade unless otherwise 
stated and were obtained from Sigma/Hungary and 
South Africa; BD Bioscience and Sigma South Africa. A 
BD FACS Calibur automated multicolour Flow 
Cytometer was obtained from BD Biosciences, San 
Jose, USA. FB1 was obtained from the Medical 
Research Council (MRC) South Africa (PROMEC 
Division). 

b) Methodology 

In order to determine the cytotoxicity effects of 
the three mycotoxins (FB1, AFB1 and OTA), human 
mononuclear cells obtained from healthy male 
volunteers were exposed to different concentrations, i.e., 
dose 5 (dose 5 = 5 ng AFB1 and OTA and 5 µg/ml FB1) 
and dose 40 (dose 40 = 40 ng AFB1 and OTA and 40 
µg/ml FB1) singly and in combination over 12, 24 and 48 
hrs. Three methods were applied in this study to achieve 
the objectives: 

c)
 

Isolation and purification of mononuclear cells
 

For all experiments coducted in this study, cells 
(mononuclear) used were isolated and cultured for 24 
hrs and then exposed to single and combined 
mycotoxins (FB1, AFB1 and OTA) according to the 
following

 
protocol: Venous blood from a healthy human 

donor was put into 3x5 ml heparin tubes using a 15 ml 
sterile syringe with immediate transference. The 
collected blood was then mixed with an equal volume of 
tissue culture medium consisting of RPMI-1640 
supplemented with 10% foetal calf serum (FCS), 100 
U/ml Penicillin and 100μg/ml Streptomycin. The mixture 
was then overlaid on Histopaque 1077 and centrifuged 
at 800 g for 30 min and the interface layer consisting of 
mononuclear cells was carefully removed with a

 
sterile 

pipette. The mononuclear cells (lymphocytes) were 
washed 3 times with 5 ml RPMI-1640 at 370C and each 
time centrifuged at 800 RPM for 10 min. The pelleted 
cells were re-suspended in 10 ml of complete culture 
media (CCM), transferred to plastic tissue culture bottles 
and were cultured at 370C in 5% CO2 humidified 
incubator for 24 hrs. The paleness of the CCM during 
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the incubation period confirms the growth of cells. In 
order to be certain to ascertain the presence and 
viability of cells, a cell count was done according to the 
following protocol and the experiment would be 
continuous only when the cell count was ≥ 95%. Cell 
suspension (100 μl) was mixed with 100 µl of 0.2% 
Trypan Blue solution in an Eppendorftube and incubated 

for 5-10 min at room temperature. A small amount of the 
trypan blue- cell suspension mixture was transferred to 
both chambers of Neubauer counting chamber 
(Haemocytometer) with a cover glass in place using a 
sterile Pasteur pipette. A cell count was done and% 
viability was determined as: 

% Viability = (viable cell counted (dye excluded)/total no. of cells) x 100

d) Methyl Tetrazolium (MTT) assay 
The exposed cells were examined by 

application of the Methyl Tetrazolium (MTT) assay for 
cell viability; Comet assay for DNA damage and Flow 
cytometry after treatment with the Annexin V and APO-
BRDU reagents for apoptosis, necrosis induction and 
DNA cleavage.  For all the experiments conducted in 
this study, cells (PBMC) used were isolated from blood 
samples obtained from volunteer healthy male donors 
(within 30 minutes after collection) cultured for 24 hrs 
and then exposed to single and combined mycotoxins 
(FB1, AFB1 and OTA) and placed in a sterile 5% CO2 
incubator for (12, 24 and 48hrs) according to Mwanza 
[36] and Meky [37].  Isolated PBMCs were counted and 
placed in a 96-well culture plates containing 100μl of 
culture medium. The MTT assay was also done 
according to Mwanza [36] and Meky [37].  

e) Comet Assay  
The DNA damage assessment carried out using 

the comet assay technique was done according to 
Singh [38] and Collins [39]. The following solutions and 
methods were used to achieve the objectives.1% NMP 
was prepared by dissolving 0.5 g in 50 ml PBS in a 
beaker and heating it in a microwave until at boiling 
point with occasional mixing until it completely 
dissolved.  New slides were coated with warm 1% NMP 
Agarose gel prepared by dipping the slide vertically into 
the melted warm 1% NMP gel in a beaker. Excess 
Agarose was drained off the slide and the back cleaned 
and dried in a warm oven overnight.  About 140 µl of 1% 
warm LMP Agarose gel (370C) in PBS prepared as 
above was added to the cells obtained after 
centrifugation following mutagenic treatments (Section 
5.2.2 above).  The suspension was mixed gently and 
quickly and 70 µl transferred to two spots on the 

previously coated slides above. The suspensions were 
covered with cover slips (20X20 mm) and allowed to set 
for least 10 min in the cold room (40C).  The cover slips 
were removed and mononuclear cellular membranes 
were lysed with lysing buffer solution (pH 10) for 1 hour 
at 40C. The resulting nucleoids were unwound in 
alkaline electrophoresis buffer (pH13) in an 
electrophoresis tank (Amersham Pharmacia Biotech) for 
40 min at 40C and followed by electrophoresis at 25 V 
(300 mA) for 30 min at 40C.  The slides were placed in 
neutralizing buffer (pH 7.5) with 3 washes of 5 min each 
and finally washed in distilled water for 5 min.  The gels 
were allowed to dry overnight, stained with 30 µl of 
working solution of DAPI, covered with a slipped and 
examined by an Olympus BH-RFCA Epifluorescent 
Microscope (Wirsam Scientific).   

Manual scoring was done following the 
methods of Singh [38] and Collins [39] in which comets 
were classified into ‘0’, ‘1’, ‘2’, ‘3’ and ‘4’ according to 
the DNA damage and head/tail migration using a 
fluorescent microscope.  A minimum of 100 cells per 
samples were scored according to the movement or 
shape of the comet formed [40].  A positive response 
was considered as one in which, there was a dose-
related change in the defined measurement between the 
control and test groups at single sampling time [40].  A 
total score of damage for each gel was calculated by 
multiplying the number of comets assigned to each 
class of damage by its own value to give a summative 
total overall score and expressed in arbitrary units. In 
order to present the rationalised total toxicity score, the 
arbitrary score was recalculated using the formula 
below: 
 

((((100-mean % viability)*5) + 5mean% viability/100)*raw arbitrary score)))

A study of levels of apoptosis and DNA 
cleavage induction by AFB1, FB1 and OTA singularly 
and in combination was done using the FITC Annexin V 
apoptosis detection kit ll, Lot. 35856 and the APO-
BRDU™ Kit obtained from BD Biosciences, San Diego, 
USA and supplied by Merck was used for staining of 
already treated cells and analysed on Flow Cytometry.   

f) Study of Cell death on flow cytometry 
 The Flow cytometer used in this study was a 

BD FACS Calibur automated multicolour flow cytometer 

(BD Biosciences, San Jose, USA) at excitation at 488 
nm, using a 639 nm band pass filter to collect the red 
propidium iodide fluorescence. Cells used in this study 
were extracted and exposed to mycotoxins according to 
the description mentioned for the MTT and Comet 
assays. Prepared and already exposed cells were then 
subjected to following steps before the analysis on flow 
Cytometry.  Cell fixation using Para-formaldehyde 
consisted of 7 steps; cells were suspended in 1% (w/v) 
paraformaldehyde in PBS (pH 7.4) at a concentration of 
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1-2 x 106 cells/ml and placed on ice for 30-60 min. Cells 
were then centrifuged for 5 min at 300 x g and 
supernatant discarded. Cells were washed by 
centrifugation in 5 ml of PBS twice. The cell pellet was 
re-suspended in the residual PBS in the tube by gently 
vortexing. The cell concentration was then adjusted to 1-
2 x 106 cells/ml in 70% (v/v) ice cold ethanol and the 
cells were left to stand for a minimum of 30 min on ice or 
in a freezer. These were then stored in 70% (v/v) ethanol 
at -20°C until use. Cells can be stored at -20°C several 
days before use. Eppendorf tubes containing cells 
exposed to mycotoxins and cells with positive and 
negative controls were centrifuged for 5 min at 300 x g 
and the 70% (v/v) ethanol was removed by aspiration 
without disturbing the cell pellets. The cell pellet 
wasthen re-suspended with 1.0 ml of Wash Buffer and 
centrifuged as before and the supernatant was removed 
by aspiration. This was repeated twice. Each tube was 
re-suspended in 50μl of the DNA labelling solution 
prepared earlier as described in the kit instructions and 
incubated for 60 min at 37°C in a temperature-controlled 
bath. Every 15 min the tubes were shaken to re-suspend 
the cells.  At the end of the incubation time, 1.0 ml of the 
rinse buffer was added to each tube and centrifuged at 
300 x g for 5 min and the supernatant removed by 
aspiration.  This was repeated a second time. The cell 
pellets were re-suspended in 0.1 ml of the Antibody 
Staining Solution prepared before as described in the kit 
instructions  and incubated with the FITC-labelled anti-
BrdU Antibody Solution (50µl) in the dark for 30 min at 
room temperature. Finally, 0.5 ml of the PI/RNase 
Staining Buffer was added to the tube containing the 0.1 
ml Antibody Staining Solution and the cells incubated in 
the dark for 30 min at room temperature. The assay was 
run on the flow cytometer equipped with a 488 nm 
Argon laser as the light source. Propidium I fluoresces at 
about 623 nm and FITC at 520 nm when excited at 488 
nm. No fluorescence compensation was required. Two 
dual parameter and two single parameter displays were 
created with the flow cytometer data acquisition 
software. The gating display was the standard dual 
parameter DNA doublet discrimination display with the 
DNA Area signal on the Y-axis and the DNA Width on 
the X-axis. From the display, a gate was drawn around 
the non-clumped cells and the second gated dual 
parameter display was generated. The DNA (Linear Red 
Fluorescence) was displayed on the X-axis and the 
FITC-BrdU (Log Green Fluorescence) on the Y-axis. Two 
single parameters gated histograms, DNA and FITC-
BrdUwere also added to determine apoptotic cells and 
their cell cycle stages. In all, three studies positive and 
negative control cells were included to each experiment 
with negative control being cells treated in the same 
conditions the rest of the experiment but not exposed to 
any of the toxins and the positive control cells treated in 
similar conditions as but treated with hydrogen peroxide 
known to induce cell death.The percentage of cells in 

each stage of the cell cycle was automatically calculated 
and generated on Flow cytometry BD FACS Comp™ in 
conjunction with BD Calibrite™ beads, software.   

g) Regression analysis 
To conclude this study, regression analysis 

were done in order to studythe relationship between 
different methods used in this study and predict 
cytotoxicity levels of mycotoxins by using results 
obtained fromeach study as dependent while data 
obtained from other methods were used as independent 
variables. 

h) Statistical analysis 
The results obtained were analysed using the 

Sigma Stat11.0 software package. A one-way and 
multiple comparison analysis variances and the 
comparison of results between groups were done using 
the Holm-Sidak method. 

i) Ethical clearance  
The ethical clearance number 09/08 was 

obtained from the ethical committee of the Faculty of 
Health Sciences, University of Johannesburg to 
undertake this study. 

III. Results 

MTT assay results as shown in Tables 1 and 2 
and illustrated in Figure 1 show the effect of exposure 
time versus mycotoxin concentration as it influences the 
curves representing mononuclear cell viability after 
exposure to single or combined mycotoxins (AFB1, OTA 
and FB1) are shown. The exposure of untreated cells 
with mycotoxins induced cell viability decreased from 
99-97 % for untreated cells. In this study, the untreated 
cells were considered as control and constituted 100%. 
The exposure of cells with FB1 gave 90-84% and 87-
81% of cell viability; 91-80% and 85-73% for AFB1; 85-
78% and 83-69% for OTA respectively after dose 5 
(dose 5 = 5 ng AFB1 and OTA and 5 µ/ml FB1) and 40 
(dose 40 = 40 ng AFB1 and OTA and 40 µg/ml FB1) of 
mycotoxins concentration were exposed to and this 
between 12 and 48hrs of exposure. The combination of 
the three mycotoxins show a great decrease in viability 
as compared respectively to the combined two and 
single exposure with cell viability decrease up reaching 
85-82% and 42-31% for OTA-FB1; 82-73% and 42-32% 
for OTA-AFB1 and 85-78% and 43-33% between 12 and 
48hrs of exposure at respectively 5 and 40µg/ml of 
mycotoxins concentration (Table 1). The exposure to all 
three mycotoxins show a decrease in cell viability 
reaching up to 77-73% and 39-26 % of viable cells 
respectively at doses 5 and 40 of each toxin added of 
mycotoxins concentration between the same times of 
exposure. It was observed that singly, OTA induces the 
biggest decrease of cell viability, followed by AFB1 and 
then FB1 (Table 1 and Fig. 1).The results on cell 
inhibition (Table 2) obtained from the MTT assay are 
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comparable to calculated results expected by adding 
individual results of each mycotoxin (FB1, OTA and 
AFB1) (Table 1). In addition, these results have shown 
that there is a dose dependentsynergetic effect 
depending on concentrations with the of the reaction 
being when the three mycotoxins combined at the dose 
40 compared to low dose 5 when combined in twos 
(Table 1). It is important to mention the increased cell 
viability noted at dose 5 of all 3 mycotoxins at 24 hrs 
before a drop at 48 hrs (Figure 1). This increase could 
be explained by the fact that MTT assay is based on 
NDH cell activity reading, suspicion that at low dose an 
antagonistic effect could have been induced between 
the 3 mycotoxins that led to the NDH reduction potential 
redox leading to the production of NDH2-FAD causing 
antagonistic effects to mycotoxins activity at 24 hrs and 
then was reversed after a much longer exposure.   
Statistically, there were significant differences (P<0.050) 
found among data of three mycotoxins when exposed 
singularly over time (12, 24and 48hrs) and between data 
obtained at different concentrations of exposure.  
Significant differences (P<0.001) were obtained among 
data from combined mycotoxins and among data from 
all three mycotoxins combined, combination of two 
mycotoxins and single mycotoxins over time and 
concentrations. 

Results obtained with Comet assay revealed a 
time and dose dependent response after mononuclear 
cells are exposed to different mycotoxins (AFB1, OTA, 
and FB1) singularly or in combination and are 
summarised in Table3 and illustrated in Fig. 3. In this 
study, the score of 400 and above means the toxicity 
induced the death of all cells. Scores obtained with cells 
exposed to single mycotoxins indicated little effect on 
DNA as evidenced by the low scores. Cells exposed to 
FB1 alone showed lower scores of 37-80 and 175-231 
respectively at 5µg/ml and 40 µg/ml between 12 and 48 
hrs exposure; this is in comparison with AFB1 with 
scores of 50-90 and 169-253 and OTA with scores of 
64-107 and 169-253 respectively at 5µg/ml and 40 µg/ml 
between 12 and 48 hrs of exposure. Similarly to the 
results obtained with the MTT cytotoxicity test, results 
obtained with mycotoxins combinations in twos were 
higher compared to single ones. the OTA-FB1 
combination scores were 70-114 and 211-263, FB1-
AFB1 were 75-120 and 206-265; OTA-AFB1 with 82-130 
and 219-279 while the combination of all three 
mycotoxins gave scores of 110-132 and 217-284 
respectively at doses  5 and 40 between 12 and 48 hrs 
of exposure.  Statistical analysis revealed thatcomet 
assay results showed significant differences (P<0.001) 
found between data obtained with the three mycotoxins 
when exposed singularly over time at 12, 24 and 48hrs 
and between data obtained at the two different 
concentrations of exposure, as would be expected.  
Significant differences (P<0.050) were obtained among 

data from two combined mycotoxins and among data 
from all three mycotoxins combined, combination of two 
mycotoxins and single mycotoxins over time and 
concentrations. In addition, significant differences were 
obtained between data obtained from single mycotoxins 
and all three mycotoxins exposure (P<0.001). Among 
mixture data, significant differences (P<0.050) were 
between all data obtained after 12 and 48hrs and 
between 12 and 24hrs of cell exposure. 
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However, no differences were obtained between 
24 and 48hrs with both concentrations (5 and 40). The 
absence of significant differences between 24 and 48hrs 
of exposure confirms as well the observations made 
with MTT assay and this finding shows as well that after 
24hrs of exposure, there is a decrease of cytotoxicity 
induction after 24hrs reaching saturation between 24 
and 48 hrs of cell exposure. Results obtained from the 
investigation into mycotoxins induction of apoptosis 
Table 4 and DNA cleavage Table 5 on mononuclear 
cells using a flow cytometer revealed a time-dose 
dependent increase of cell apoptosis after exposure to 
different mycotoxins (AFB1, OTA, and FB1) singularly or 
in combination. It was observed that FB1 single 
exposure induced apoptosis on mononuclear cells at 6-
15% and 19-46% respectively at dose 5 and 40 between 
12 to 48 hrs; AFB1 induced apoptosis at 8-23% and 23-
58%, while OTA cells apoptotic induction varied between 
11-16% and 26-69% of exposed cells respectively at 5 
and 40 µg/ml for FB1 and for the rest mycotoxins at 5 or 
40 ng/ml between 12 and 48 hrs of exposure.

These results correlate with those obtained with 
MTT trail and comet assay, results obtained with 
mycotoxins combinations in twos were higher compared 
to single ones. The combination of OTA-FB1 showed 
results varying between 13-45% and 39-79% of 
apoptotic cells; while FB1-AFB1 combination produced 
12-46% and 41-71% of apoptosis and OTA-AFB1 
combination results were 15-53% and 41-87%.  The 
three mycotoxins combined induced apoptosis at 17-
56% and 44-95% respectively at dose 5 and 40 between 
12 and 48 hrs of exposure.Similar to the results obtained 
with the comet assay analysis, the apoptosis data 
analysis showed significant differences (P<0.050)  
between  MTT assay data obtained from the exposure of 
cells with  the three mycotoxins and each mycotoxin 
singularly over time (12, 24 and 48hrs) and between 
data obtained at different concentrations of exposure.  
Significant differences (P<0.050) were obtained among 
data from combined mycotoxins and data from all three 
mycotoxins combined, between combination of two 
mycotoxins and single mycotoxins over time and 
concentrations. Significant differences were obtained 
between data obtained from single mycotoxins and all 
three mycotoxins exposure (P<0.001). Among mixture 
data, significant differences (P<0.050) were among 
data obtained after 12 and 48hrs and between 12 and 



 

Figure
 
1 :

 
comparative study of cell viability between cells exposed to mycotoxins combined in twos and cells 

exposed to all three mycotoxins combined by the Methyl Tetrazolium assay.
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2

 
:
 
A comparative study of DNA damage between cells exposed to mycotoxins combined in twos and cells 

exposed to all three mycotoxins combined by the Comet assay.
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24hrs of cell exposure. However, no differences were 
obtained between 24 and 48hrs with both 
concentrations (5 and 40). The absence of significant 
differences between 24 and 48hrs of exposure confirms 
as well the observations made with MTT assay and this 
finding shows well that after 24hrs of exposure there is a 
decrease of cytotoxicity induction after 24hrs reaching 
saturation between 24 and 48 hrs of cell exposure. 
Figures 7-10 show the apoptosis induction on 
mononuclear cell layout illustrations by flow cytometry 
for FB1, AFB1 and OTA combined in twos and all three 
together after 24hrs of incubation.One of the later steps 
in apoptosis is DNA fragmentation, a process which 
results from the activation of endonucleases during the 
apoptotic programme.  The comet assay scoring 

method being subjective, as this scoring of DNA 
damage was done arbitrarily based on visual 
judgement. The flow cytometer was then used to 
evaluate and confirm the DNA damage (DNA cleavage) 
of mononuclear cells previously done on comet assay 
and the mean percentage of apoptotic cells undergoing 
DNA cleavage due to mycotoxins exposure

 

was 
obtained by flow cytometry. The results obtained from 
this study are summarized in Table 3 and illustrated in 
Figure 11 and Figure 12.  Single and combined 
mycotoxins (AFB1, OTA, and FB1) exposure to 
mononuclear cells showed an induction of DNA 
cleavage which was time and dose dependant.  Single 
mycotoxin exposed with cells showed lower cytotoxicity 
effects compared to combined mycotoxins.
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Table 1 : Summary results of mononuclear % cell viability after mycotoxins exposures at 12, 24 and 48 hours 
exposure to aflatoxin B1, ochratoxin A and Fumonisin B1 by methyl tetrazolium assay (MTT).

Mycotoxins   +  Conc*.      Exposure time             Mean   Std Dev          SEM
                                                              (hours)         (% cell viability)
            FB1                       5                 12hrs                     90.8                           0.3                             0.1             FB1                       5                   24hrs                     88.1                          0.7                            0.4             FB1                        5                 48hrs                     84.1                           0.3                             0.1             FB1                       40                12hrs                    87.0                           0.3                             0.2             FB1                       40                  24hrs                    80.0                           0.6                             0.3             FB1                      40                  48hrs                     81.7                           1.0                             0.6

            AFB                      5                   12hrs                     91.1                            0.8                             0.4            AFB                      5                    24hrs                    86.5                            0.8                             0.5            AFB                     5                   48hrs                    90.2                            0.6                             0.3            AFB                      40                 12hrs                    85.8                            0.5                             0.3            AFB                      40                 24hrs                     74.8                            0.7                             0.4            AFB                      40                  48hrs                    73.1                           0.4                             0.2

            OTA                    5                    12hrs                     91.1                           0.9                             0.5            OTA                    5                   48hrs                     83.3                           1.0                             0.5            OTA                     5                    24hrs                     88.1                           1.4                             0.8            OTA                    40                  12hrs                      83.1                           0.6                             0.3            OTA                    40                 24hrs                      72.9                           0.5                             0.2            OTA                    40                   48hrs                     69.9                           0.4                             0.2

OTA-FB1           5                    12hrs                      85.2                           0.6                             0.3
OTA-FB1           5                   24hrs                      81.4                           0.9                            0.5
OTA-FB1            5                   48hrs                       78.0                           0.5                             0.3
OTA-AFB1        5                    12hrs                      82.8                          0.6                             0.3

  OTA-AFB1         5                   24hrs                       80.6                           0.9                             0.5
OTA-AFB1        5                    48hrs                       73.9                           1.0                             0.6
FB1-AFB1          5                    12hrs                      85.5                         0.9                            0.5
FB1-AFB1          5                     24hrs                       82.8                         0.3                            0.2
FB1-AFB1         5                     48hrs                       78.6                         1.1                            0.6            

            OTA-FB1           40                   12hrs                      42.2                           0.5                            0.2
            OTA-FB1          40                   24hrs                       35.6                           0.5                            0.3
            OTA-FB1          40                   48hrs                       31.9                           1.3                            0.7
            OTA-AFB1       40                   12hrs                       42.8                           0.6                            0.4



   
 

 
 
 
 

  

     
  

     
     

   
    

  
  

 
  

  
    

   
  

   
 

   
    

  
  

   
  

 
               
                 
              
                
            
              
                 
               

    
 
  

  
  
  

            OTA-AFB1        40 

 

                

 

24hrs                      

 

33.0                           0.3                            0.2

 

            OTA-AFB1       

 

40 

 

                

 

48hrs                       32.5                           1.5                            0.8

 

            FB1-AFB1         40                   12hrs                       43.4                           1.1                            0.6

 

            FB1-AFB1        

 

40                  

 

24hrs                       35.5                           0.4                            0.2

 

            FB1-AFB1        

 

40                   48hrs                      

 

33.9                           0.6                            0.3

 
 

            MIXTURE        

 

5                    

 

12hrs                  

 

   79.0                            0.3                            0.1

 

            MIXTURE        

 

5                     24hrs                      77.8                         

 

  1.1                            0.6

 

            MIXTURE        

 

5                

 

    48hrs                       73.6

 

                          0.7                            0.4

 

            MIXTURE        

 

40                   12hrs                   

 

   39.3                           0.4

 

                           0.2

 

            MIXTURE        

 

40               

 

  

 

24hrs                    

 

  31.6                          

 

0.5                            0.3

 

            MIXTURE        

 

40                   48hrs                      

 

26.7                           1.7          

 

                 0.9

 

*Individual and mixtures

 

concentrations of aflatoxins and ochratoxins concentrations are in (ng/ml)

 

and 
fumonisin

 

B1 concentration is in (µg/ml).
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Table 2 : Inhibition (%) of isolated peripheral blood mononuclear cells by mycotoxins at various times and 
concentrations of exposure by Methyl Tetrazolium assay.

Time (hr) Aflatoxin B1 Fumonisin B1 Ochratoxin A
5μg/ml 40μg/ml 5μg/ml 40μg/ml 5μg/ml 40μg/ml

12 9 14 10  13  9 17
24 13 25 12 20 17 28 
48 10 27 16  19  12 30 

Figure 3 : comparison study of cell apoptosis induction between cells exposed to mycotoxins combined in twos and 
cells exposed to all three mycotoxins combined by flow cytometry.



  

    
       

       
       
       

 
 

Fumonisin B1, when exposed singularly, 
induced mononuclear cell’s DNA cleavage in 4-13 % 
and 18-38% respectively at dose 5 and 40 between 12 
to 48 hrs; AFB1 induced apoptosis at 5-21% and 21-
55%, while OTA DNA cleavage inductions were 8-19% 
and 19-58% of exposed cells respectively at dose 5 and 
40 between 12 and 48 hrs of exposure. These results 
correlate with those obtained with MTT cytotoxicity 
assay and comet assay, results obtained with 
mycotoxins combinations in twos were higher compared 
to single ones.

 

The combination of OTA-FB1 showed DNA 
cleavage induction in 12-43% and 37-71% of apoptotic 
cells; while FB1-AFB1 combination produced 10-41% 
and 39-69% of cleaved DNA and OTA-AFB1 
combination results were of 13-49% and 37-86%.  The 
three mycotoxins combined revealed DNA cleavage at 
15-59% and 42-92% respectively at dose 5 and 40 at 12, 
24 and 48 hrs of exposure.  In this study, significant 

differences (P<0.050) were obtained among  single 
mycotoxins, combined in twos, single and combined in 
twos, all groups at dose 5 and 40, all groups at 12, 24 
and 48hrs of exposure.  In addition, significant 
differences (P<0.001) were seen in all studied groups at 
dose 5 and 40.

 

Figure 2 illustrates a layout of the DNA 
cleavage (%) of apoptotic mononuclear cells by Flow 
Cytometer for FB1, AFB1 and OTA combined in twos 
and all three together after 24hours of incubation.

 

Results obtained with linear regression studies 
showed correlations between all three techniques. Two 
linear regression analyses were plotted and the first one 
(Figure 4) used the apoptosis data as the dependent 
variable while MTT data was considered as the 
independent one. A linear regression equation was 
obtained as well as a regression coefficient (R = 0.810). 
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Although not perfect, it follows the linear regression 
equation: This shows that 

APOPTOSIS = 101.645 - (0.897 * MTT % CELL VIABILITY)

Finally a multiple linear regression analysis was 
done (Figure 5) to assess if the toxicity can be predicted 
using DNA cleavage data as a dependant variable and 

data from the other three test (Comet assay; Apoptosis 
and  MTT % cell viability) as independent variable. 
  

Figure 5 : Illustration of a linear regression curve of the tythe Methyl Tetrazolium (MTT) cytotoxicity assay vs 
apoptosis by Flow Cytometry

The second regression study was the one in 
which DNA cleavage data was considered as 
dependent variable while comet assay data was 
considered as the independent one. As in the first study, 

the regression (R = 0.853) coefficient was lower than 
the ideal which needed to be next to 1. This low 
regression coefficient can be explained by data 
variability within different methods.                                          

DNA cleavage = -6.434 + (0.280 * COMET ASSAY)

This study shows a positive regression 
coefficient (R = 0.994) and a regression equation was 
obtained. The regression coefficient R obtained here 
was of about ±1 revealing that in this study, one can 
predict toxicity induced by AFB1, OTA and FB1 using 

one of the four methods used in this study but in 
addition, confirmed the correlation between the three 
methods. Statistically, all independent variables appear 
to contribute to predicting DNA cleavage (P < 0.050). 



 

 

 
 

 

 
 

 

  
 

DNA CLEAVAGE = 10.373 + (1.002 * APOPTOSIS) -

 

(0.0305 * COMET ASSAY) -
     

   

  (0.114 * MTT % CELL VIABILITY) 

 
 
 
 
 
 
 

 

 

 

 

 

Figure 5

 

:  Illustration of a linear regression curve of the tythe Methyl Tetrazolium (MTT) cytotoxicity assay vs 
apoptosis by Flow Cytometry.
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Statistical analysis showed that the dependent 
variable of the DNA cleavage can be predicted from a 
linear combination of the independent variables: 
Apoptosis, Comet Assay, MTT % cell viability (P<0.001). 

IV. Discussion

The choice of peripheral blood mononuclear 
cell (PBMC) in this study is justified by their composition 
including mainly lymphocytes consisting of T cells (CD4 
and CD8 positive ~75%), B cells and NK cells (~25% 
combined) and monocytes and macrophage because 
of their critical role in the immune system to fight 
infection and adapt to infections in the first place[41].

It was noted in this study that at dose 5 of 
exposure in all combinations, no synergistic effect was 
observed. However, at low doses, only chronic exposure 
(24hrs) of cells to mycotoxins was needed in order to be 
able to observe significant toxicity. These confirm results 
obtained by Timbrell[46]who also found similar results in 
his studies on cell toxicity. 

The absence of additive effects when two or 
three mycotoxins were combined as observed in this 
study and confirmed in all three methods can be 
explained by a possible inhibition or competition among 
these mycotoxins. There are evidences that FB1 when 
combined with OTA or AF1 induced low cytotoxicity in 
comparison to the OTA and AFB1 combination. This 
inhibitive effect of FB1 might be explained by the mode 
of action and low toxicity. These results are similar to 
those obtained by Mwanza et al [36] on MTT cells. 
Theinhibition of FB1 on the two other mycotoxins used in 
this study might explain also the absence of additive 
rather than synergistic effect when the three mycotoxins 
were combined [36].

The methyl thiazoltetrazolium (MTT) assay is 
based on the action of living cells to convert a soluble 
yellow tetrazolium salt [3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyl-tetrazolium bromide] into insoluble purple 
formazan crystals. The reaction is catalysed by 
mitochondrial succinyl dehydrogenase and requires 
NADH, which has to be supplied by the living cells, thus 
providing an indication about mitochondrial or 
respiratory activity [37; 42; 43; 44; 45] hence providing 
information on cell viability and cell proliferation, after 
their exposure to xenobiotic agents. Significant 
decrease of cell viability was observed when all three 
mycotoxins were combined as compared to single or 
two combinations.

In addition, higher cytotoxicity induction 
characterised by rapid decrease in cell viability was 
observed between 0 and 24hrs in comparison to the 
effects observed between 24 and 48hrs of exposure 
(Fig. 1). This could mean that the cytotoxicity induced 
was high between 12 and 24hrs and reached saturation 
between 24 and 48 hrs in both single and combined 
mycotoxins between 12 and 24 hrs exposure. The 
inhibition results (Table 2) obtained from the MTT assay 
in comparison to calculated results expected by adding 
individual results of each mycotoxin (FB1, OTA and 
AFB1) (Table 3) have shown that there is synergistic 
effect between the three mycotoxins at the dose 40 
ng/ml and 5ng/ml 40 µg/ml. while at dose 5µg/ml the 
effects were additive rather than synergistic. The 
absence of synergism effects at the dose 5 in all 
combinations can be explained by low doses of 
mycotoxins exposed as well as by the time of cell 
exposure to mycotoxins. The probability is that at low 
doses longer exposure periods of cells to mycotoxins 



 

  

 

 

 

 

 

are needed to induce measurable toxicity [46]. 
Mycotoxins were mixed and exposed to mononuclear 
cells. Result obtained in this study showed dose 
dependent synergistic effect was observed when 
mycotoxins were combined as compared to single 
mycotoxins. 

 

Statistically, comparison showed that there were 
significant differences (P<0.050) found among data of 
three mycotoxins when exposed singularly over time (12, 
24 and 48hrs) and between data obtained at different 
concentrations of exposure.  Significant differences 
(P<0.001) were obtained among data from combined 
mycotoxins and between all data from all three 
mycotoxins combined over time and concentrations.

 

Obtained results on flow cytometry (Table 4) 
have shown that in contrast to necrosis, which is a form 
of traumatic cell death that results from acute cellular 
injury, apoptosis is a process of programmed cell death 
that remove individual cells that are no longer needed or 
that function abnormally without inducing inflammatory 
reaction noxious to surrounding cells [48] and hence it 
plays a major role during development and 
homeostasis. The difference between results obtained in 
Table 3 on comet assay as compared to DNA cleavage 
(Table 5) obtained on flow cytometry mostly concerned 
the methodology. The DNA damage observed with the 
comet assay is the DNAwhich converts lesions to DNA 
breaks, increasing the amount of DNA in the comet tail 
due to mycotoxins effects (46). Results obtained with the 
flow cytometry (Table 5) are the effects of the DNA 
strands cleavage dueto a reaction of the covalent sugar-
phosphate linkages between nucleotides that compose 
the sugar phosphate backbone of DNA. It is catalysed 
enzymatically, chemically or by radiation in which the 
cleavage may be exonucleolyticremoving the end 
nucleotide, or endonucleolytic splitting the strand into 
two (46).

 

Apoptosis occurs when a cell is damaged 
beyond repair, infected with

 

a virus, or undergoing 
stressful conditions such as starvation. Damage to DNA 
from ionizing radiation or toxic chemicals can also 
induce apoptosis via the actions of the tumour-
suppressing gene p53 [48]. In general, any substance 
that causes DNA damage or

 

anything that produces 
necrosis by direct cell destruction can induce apoptosis 
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if the cell initially survives [48] which invariably suggest 
that mycotoxins with genotoxic properties at non acute 
toxic concentration would shift the balance between 
necrosis and apoptosis to the latter as observed in this 
study. Therefore, understanding the mechanism of 
mycotoxin actions at bio molecular levels, particularly 
with regards to alterations of DNA in the nucleus and 
mitochondria may explain the dose-dependent 
apoptotic pattern of cell death induced by the studied 
mycotoxins. These results are in line with those obtained 
by Domijan [49]. In their study on comet assay exposed 

rats kidney cells with ochratoxin A and fumonisin B1 also 
observed synergistic increase in the tail intensity when 
OTA and FB1 were combined. The aim of this study was 
to assess the single and combined cytotoxic effects of 
mycotoxins on mononuclear cells and to predict their 
possible impact on the human’s immunity. Observations 
made in the three experiments revealed that similar 
results were obtained with higher cytotoxic potent 
activity of OTA and AFB1 compared to FB1. The OTA- 
AFB1 showed a slightly higher toxicity as compared to 
FB1-OTA or FB1- AFB. The mixture of the three toxins 
showed a significant higher toxicity as compared to the 
single and combined mycotoxins effects in the three 
studies. Another important observation made in the 
three experiments was that in general low doses of 
mycotoxins (5ng/ml and 5µg/ml exposures) between 24 
and 48 hrs of exposure showed slow recoveries 
orplateaus also called “adaptive response” [46; 50].  

It is likely that these represent a most 
dangerous status, as this could lead up to mutations 
and cellular stimulations or cancer [46; 50; 51].  The 
slightly low and inhibitive action observed with FB1 in all 
four studies correlate with the findings of Minervini [52] 
who in their studies on the toxicity of the nivalenol (NIV), 
deoxynivalenol (DON) and FB1 in the K562 human 
erythroleukemia cell line using the Trypan Blue, MTT and 
BrdU (uptake for cytotoxicity analysis, found that cellular 
metabolism and proliferation, respectively on flow 
cytometry were for both NIV and DON significantly more 
toxic than FB1. In addition they correlate are in 
correlation with the results obtained by Theumer [53] in 
an in vivo study on immuno-biological effects of FB1 
and AFB1 in experimental sub-chronic mycotoxicoses in 
rats in which FB1 induced low effects compared to 
AFB1.

The cytotoxicity of OTA can be explained by its 
ability to directly inhibit enzymes involved in 
phenylalanine metabolism as mentioned in the 
Introduction).  In return, this has an effect on DNA, RNA, 
and protein synthesis, presumably due to an effect by 
the phenylalanine moiety of the molecule [27].  The 
cytotoxic potential shown by AFB1 is explained by its 
inhibiting capacity of both DNA and RNA synthesis [54] 
and the activated AFB1 metabolite formation of a 
covalent bond with the N7 of guanine [55] and AFB1-n7-
guanine adduct in the target cells resulting in 
transversions of G-T bond, DNA repair, lesions, 
mutations and subsequently tumour formation [56], or 
the possibility of hydrolysing to AFB1-8, 9-dihydrodiol 
that ionizes to form a Schiff’s base with primary amine 
groups in the proteins [57]. During in vitro studies of rat 
liver mitochondria it was observed that OTA inhibited the 
respiration of whole mitochondria, by acting as a 
competitive inhibitor of carrier proteins located in the 
inner mitochondrial membrane [58].



 

 
 

 

 

 

The understanding of the cellular effects of the 
three toxins used in the three experiments might also be 
residing at the genomic level. Aflatoxin B1 is 
metabolized, mainly in the liver, into AFB1-8,9-exo-
epoxide and 8,9-endo-epoxide, but it is the exo-epoxide 
that binds to DNA to form the predominant 8,9-dihydro-
8-(N7-guanyl) 9-hydroxy AFB1 (AFB1-N7-Gua) adduct 

[59]. AFB1-N7-Gua can result in two secondary lesions, 
an apurinic site and a more stable ring opened AFB1-
formamidopyrimidine (AFB1–FAPY) adduct; the latter is 
far more persistent in vivo than AFB1-N7-Gua [59;60]. 
Under this pathological condition, oxidative stress is 
elicited which activates the caspase-3 cysteine 
proteases that mediate the apoptotic cascade [61]. 
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Table 3 : Comet assay summary results of mononuclear cells DNA damage scoring after 12, 24 and 48 hours 
exposure to aflatoxin B1, ochratoxin A and fumonisin B1

    Mycotoxins + Conc*.      Exposure time              Mean Std Dev          SEM
                                                (hours)             (% DNA damage)
            FB1            5                 12hrs                       37.5                           4.4                             2.2
            FB1            5                 24hrs                       62.2                         11.5                             5.7
            FB1            5                 48hrs                       80.7                           2.2                             1.1
            FB1           40               12hrs                   175.5                        40.0                           20.0
            FB1          40               24hrs                   198.5                        23.3                            11.6
            FB1           40               48hrs                   231.7                          3.9                              1.9
           AFB1         5                 12 hrs                         50.5                         3.6                              1.8
           AFB1          5                 24 hrs                         66.5                         6.3                              3.1
           AFB1          5                 48 hrs                         93.7                         8.6                              4.3
           AFB1         40               12 hrs                       169.5                       20. 0                           10.0
           AFB1         40              24 hrs                       201.5                         9.6                             4.8
           AFB1        40             48 hrs                       253.5                         5.7                             2.8
         OTA            5               12hrs                          64.5                         6.6                             3.3
         OTA            5               24hrs                          88.7                         9.0                             4.5
         OTA            5                 48hrs                        107.2                       10.1                             5.0
         OTA          40                12hrs                        169.5                      20.0                          10.0
         OTA           40             24hrs                        201.5                         9.6                             4.8
         OTA           40                 48hrs                        253.5                         5.7                             2.8
         OTA -FB1  5               12hrs                            70.5                        3.6                             1.8
         OTA -FB1  5                 24hrs                          111.2                        6.3                             3.1
         OTA -FB1  5                 48hrs                          114.0                        4.0                             2.0
         FB1-AFB1 5               12hrs                            75.7                        4.7                             2.3
         FB1-AFB1 5                 24hrs                            98.0                        8.0                             4.0
         FB1-AFB1 5               48hrs                          120.0                        5.8                             2.9
         OTA-AFB1 5                12hrs                            82.5                      13.9                             6.9
         OTA-AFB1 5                24hrs                          103.2                        4.0                            2.0
         OTA-AFB1 5                48hrs                          130.2                        4.8                            2.4
         OTA -FB1 40                12hrs                          211.0                      21.8                         10.9
         OTA -FB1 40                24hrs                          233.2                     16.6                            8.3
         OTA -FB1 40                48hrs                          263.0                        2.5                            1.2
         OTA-AFB140                12hrs                          219.7                       8.1                            4.0
         OTA-AFB140                24hrs                         240.5                      38.2                          19.1
         OTA-AFB140                48hrs                         279.0                        6.3                            3.1
         FB1-AFB1 40                 12hrs                         206.2                      15.5                            7.7
         FB1-AFB1 40                 24hrs                         221.2                      19.2                            9.6
         FB1-AFB1 40               48hrs                         265.0                        4.0                            2.0
         MIXTURE 5                12hrs                          110.0                       6.7                             3.3
         MIXTURE 5                24hrs                          125.2                     11.9                             5.9
         MIXTURE 5               48hrs                          132.7                       4.7                             2.3
         MIXTURE 40             12hrs                          217.7                       6.1                             3.0
         MIXTURE 40               24hrs                          250.5                    21.7                           10.8
         MIXTURE 40              48hrs                         284.0                     11.5                             5.7
*Individual and mixtures concentrations of aflatoxins and ochratoxins concentrations are in (ng/ml) and 
fumonisin B1 concentration is in (µg/ml).

                                                                                                



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

It has also shown by Golli-Bennour [62] that 
AFB1 and OTA separately and in combination, are 
involved in apoptotic processes in cultured monkey 
kidney Vero cells by causing

 

increased DNA 
fragmentation with consequent activation of p53 tumour 
suppressor protein and suppression of production of 
anti-apoptotic factor bcl-2. Ochratoxin A has also been 
established to facilitate apoptosis by causing the 
reduction of protein synthesis [15] and increasing 
caspase-3 activity, DNA fragmentation and chromatin 
condensation [63]. Caspase-dependent mitochondrial 
alterations and triggering of the activity of p53 are other 
mechanisms by which OTA induces apoptosis [61].

 

The relative concentration of apoptotic 
mediators will essentially, determine the outcome of TNF 
receptor stimulation.  The TNFR1 may activate 
apoptosis JNK activation which in return,inhibits the anti-
apoptotic protein Bcl-2.  Once Bcl-2 is inhibited, 
cytochrome C is released

 

from mitochondria into the 
cytosol where it activates Apaf-1, which may associate 
with caspases and thereby initiate apoptosis.  
Alternatively, the TNFR2 may, together with TNFR1, 
activate NF-κβ

 

which may inhibit apoptosis.  Unlike the 
other mycotoxins, fumonisins elicitation of apoptosis 
seems to be mainly non genotoxic, as FB1 does not 
interact with DNA but inhibits the enzyme ceramide 
synthase, thereby disrupting de novo sphingolipid 
biosynthesis, overall sphingolipid metabolism and, 
consequently, the accumulation of sphingoid bases 
whith sphingolipid-mediated regulation of important cell 
functions including apoptosis and mitosis [64, 65]. 
Fumonisin B1-induced apoptosis is also known to be 
mediated by the cytokine tumour necrosis factor (αTNF) 
pathway [64]. Tumour necrosis factor (TNF) is involved 
in the regulation of apoptosis and cell replication just as 
like sphingoid bases, sphinganine and sphingosine 
sphingolipids. It must be pointed out here that the AFB1 

and OTA can also induce apoptosis via non genotoxic 
route by inhibiting macromolecular synthesis, which 
disrupts many lipids/protein/DNA-mediated cell function 
regulations with consequent deregulation of processes 
including apoptosis [65]. The finding that tested toxins 
induced cell death mainly via

 

apoptosis is in excellent 
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consistency with many reports [1; 43; 67].The 
mechanism of FB1 effect in the presence of other 
mycotoxins, such as OTA and AFB1 on the immune 
system, remains unknown to date. It has been shown in 
the four experiments that, when combined with one of 
the two mycotoxins used here it induces a low inhibitive 
effect. The FB1 low toxicity which was observed 
throughout in the three experiments (MTT, comet assay, 
flow cytometer) is similar to results obtained in studies 
done by Bondy and Pestka [67] on the effects of FB1 on 
immune system in chicken. In addition, Mwanza [36] on 
cytotoxic effects of OTA and FB1 on pigs and human 
mononuclear cells, confirmed the relative low and 
inhibitive effect of FB1 when combined together. 
However, these toxins were also found to cause both 
stimulation and suppression of responses to foreign 
antigen. The immuno-modulatory properties of FB1, 
mostly depend on its effect on lipid metabolism, 
antioxidant/pro-oxidant balance and interactions with 
other factors such as CD3 receptors expression, 
decrease in the thymus seen both in vivo and in vitro 
studies [68].  In addition, this FB1 immunologic effect is 
confirmed by another study on bovine lymphocytes 
cells, which caused significant micronucleus formation 
[69].  Fumonisin B1 also inhibits other intracellular 
enzymes including protein phosphatase and 
arginosuccinate synthase [70]. Therefore, the 
cytotoxicity of FB1 exerts its toxicity through its ability to 
inhibit sphingolipid metabolism, protein metabolism and 
the urea cycle. 

Table 4 : Flow Cytometry summary results of mononuclear cells undergoing apoptosis after 12, 24 and 48 hours 
exposure to aflatoxin B1, ochratoxin A and Fumonisin B1

Mycotoxins + Conc*.      Exposure time              Mean Std Dev          SEM
(hours)             (% apoptotic cells)

FB1                       5                 12hrs                           6.1                          0.6                              0.3
FB1                        5                   24hrs                           9.2                          0.4                              0.2
FB1                        5                  48hrs                          15.8                          0.5                             0.3
FB1                       40                 12hrs                          19.7                          0.5                             0.3
FB1                       40                  24hrs                          33.1                          0.6                             0.4
FB1                      40                  48hrs                          46.6                          0.1                             0.0
AFB                      5                  12hrs                            8.2                          0.7                             0.4
AFB                      5                    24hrs                          12.1                          0.2                             0.1
AFB                     5                   48hrs                          23.7                          0.4                             0.2
AFB                      40                12hrs                          23.6                          0.7                             0.4
AFB                      40                 24hrs                          47.6                          0.6                             0.3
AFB                      40                48hrs                          58.6                          0.5                             0.3
OTA                    5                    12hrs                            11.0                         0.7                             0.4
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OTA                    5                 48hrs                            28.2                         0.2                             0.1
OTA                     5                  24hrs                           16.4                          0.2                             0.1
OTA                    40                12hrs                            26.7                         0.6                             0.3
OTA                    40                 24hrs                            49.2                         0.3                             0.2
OTA                   40               48hrs                            69.2                         0.3                             0.2
OTA-FB1           5                   12hrs                           13.1                          0.2                             0.1
OTA-FB1           5                   24hrs                             31.2                         0.8                             0.4
OTA-FB1           5                   48hrs                             45.6                         1.0                             0.6
OTA-AFB1         5                   12hrs                             15.5                         1.0                             0.6
OTA-AFB1         5                 24hrs                             34.1                         0.2                             0.1
OTA-AFB1        5                  48hrs                             53.4                         0.4                             0.2
FB1-AFB1          5                    12hrs                             12.2                         0.2                             0.1
FB1-AFB1          5                     24hrs                             29.1                         0.6                             0.4
FB1-AFB1         5                     48hrs                             46.1                         0.2                             0.1
OTA-FB1           40                   12hrs                          39.5                         0.8                             0.5
OTA-FB1          40                   24hrs                            63.3                         0.7                             0.4
OTA-FB1          40                   48hrs                            79.2                         0.7                             0.4
OTA-AFB1       40                   12hrs                            41.6                         0.4                             0.2
OTA-AFB1        40                 24hrs                             62.0                         0.5                             0.3
OTA-AFB1       40                 48hrs                             87.7                         0.8                             0.5
FB1-AFB1         40                  12hrs                             41.0                        0.6                              0.3
FB1-AFB1        40                  24hrs                             65.6                     0.6                              0.3

© 2014   Global Journals Inc.  (US)

MIXTURE        5                    12hrs                               17.2                       0.3                             0.1
MIXTURE        5                   24hrs                               39.6                       1.0                             0.6
MIXTURE 5     48hrs 56.4 0.5 0.2

  

   

*Individual and mixtures concentrations of aflatoxins and ochratoxins concentrations are in (ng/ml) and 
fumonisin B1 concentration is in (µg/ml).

MIXTURE        40                  12hrs                               44.3                       0.5                             0.3
MIXTURE        40                 24hrs                               89.0                       0.3                             0.2
MIXTURE        40                 48hrs                               95.1                       0.4                             0.2

The FB1 apoptosis induction and DNA damage 
seen in this study have been confirmed by Domijan 
[49].In their study of oxidative status and DNA damage 
in rats they observed DNA lesions in the kidney cells of 
experimental animals. The FB1 carcinogenic role, 
however, has been linked to the accumulation of 
sphingoid bases that cause unscheduled DNA 

  

  
  

  

    
  

   
  

synthesis [71] alteration of signalling by cAMP [72] and 
disruption of normal cell cycling [73]. 

Aflatoxin B1 effects observed on mononuclear 
cells can be explained by its immuno-suppressive ability 
to act primarily on cell mediated and phagocytic 
function [74].  Aflatoxin B1 has been shown to act on 
mononuclear cells activity as well as macrophages [74].  

    Thymus is also a target organ for aflatoxin in which 
thymic involution results with the loss of cortical 
thymocytes. It is primarily the cell-mediated immune 
responses that are affected by aflatoxin; prominent 
among these are diminished responses in delayed 
cutaneous hypersensitivity, graft-versus-host reaction, 

   
  

leukocyte migration and lymphoblastogenesis [75].  
Aflatoxin also reduces phagocyte activity in a dose-
related manner. Some humoral components are 
diminished by aflatoxin, including complement (C4), 

  
   

interferon, IgG and IgA, but not IgM, which is not 
affected. However, high levels of aflatoxin will affect 
antibody titres and gut-associated lymph tissue or the 
bursa of Fabricius in poultry [75]. The 
immunosuppressive effect of AFB1 was also observed 
by Marin [76] who found that AFB1 reduces the pro-
inflammatory cytokine and increased anti-inflammatory 
cytokine mRNA expression in weanling piglets.

Although Creppy [1] in their study on cells 
revealed the potential synergistic effects of mycotoxins 
combination it was anticipated that comparable effects 
on human lymphocytes would induce 
immunosuppression and poor responses to 
immunisation and treatment when exposed to single or 
combined toxins. The high decrease in cell viability 
observed when FB1 and OTA are combined indicates a 
synergistic activity of both toxins action, which induces a 
stronger metabolic suppression activity on lymphocytes 
at low concentrations, which increases also with 
concentration and this effect has been reported before 
in others studies [1].  Thus, it poses a problem for feeds 
derived from crop grown in temperate areas where the 
possibility of both mycotoxins occurring in feeds and 
foods is possible.
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V. Conclusion

This study has shown that a synergistic effect of 
FB1, OTA and AFB1 may be induced when exposed to 
mononuclear cell dependent of concentration and time 
of exposure. However, it was observed that the FB1 
induces an inhibitive effect when combined with OTA 
and AFB1. These results agree with the hypothesis that 
the combination of the three mycotoxins currently 

considered as the most important contaminant in both 
animal feed and human food, can induce increased 
immuno-suppression and increase cases of 
immunisation and treatment failure currently observed in 
treated patients suffering from chronic diseases such as 
tuberculosis, malaria, cancers and  HIV-AID. The novelty 
of this work is that, this is a first report done with the 
three mycotoxins combined and analysed using three 
different methods confirming their cytotoxicity.

            Mycotoxins + Conc*.        Exposure time            Mean                   Std Dev                   SEM
                                                 (hours)             (% DNA cleaved cells)
         FB1                        5                    12hrs                      4.3                            0.7                       

   

0.4
         FB1                        5                    24hrs                       8.8                            0.2                          0.1
         FB1                        5                    48hrs                     14.6                            0.6                          0.3
         FB1                       40                   12hrs                     18.2                            0.5                          0.3
         FB1                       40                   24hrs                     30.1                            0.5                          0.3
         FB1                       40                   48hrs                     38.7                            5.4                          3.1
         AFB1                   5                     12hrs                       5.9                            0.5                         0.3

  

        AFB1                   5                     24hrs                      11.0                           0.4                         0.2

  

         AFB1                    5                     48hrs                      21.6                           0.9                         0.5
         AFB1                   40                   12hrs                      21.5                           0.9                         0.5

  

         AFB1                    40                   24hrs                      45.7                           0.6                         0.3

  

         AFB1                    40                   48hrs                      55.0                           0.3                         0.2

  

          OTA                     5                      12hrs                       8.9                            0.5                        0.3
  

          OTA                     5                      24hrs                     12.8                            0.3                        0.2
  

          OTA                     5                      48hrs                     19.4                            0.4                       0.2
  

          OTA                   40                     12hrs                     19.3                            0.4                        0.2
  

          OTA                   40                     24hrs                     48.2                            0.5                        0.3
  

          OTA                   40                     48hrs                     58.1                            0.3                        0.2
  

          OTA-FB1            5                      12hrs                      12.1                            0.5                        0.3  
         OTA-FB1            5                      24hrs                       32.8                           0.4                        0.2  
          OTA-FB1            5                      48hrs                       44.4                           0.6                        0.3  
          OTA-AFB1         5                      12hrs                       13.3                           0.9                        0.5  
          OTA-AFB1         5                      24hrs                       33.1                           0.5                        0.3  
          OTA-AFB1         5                      48hrs                       49.7                           0.6                        0.3  
          FB1-AFB1          5                      12hrs                       10.4                           0.2                        0.1  
         FB1-AFB1          5                      24hrs                       25.1                           0.5                        0.3  
         FB1-AFB1          5                      48hrs                       41.8                           0.4                        0.2  
          OTA-FB1           40                     12hrs                      37.8                            0.6                       0.3

            OTA-FB1           40                     24hrs                      71.1                            0.7                       0.4
            OTA-FB1           40                     48hrs                      77.2                            0.5                       0.3
            OTA-AFB1       40                     12hrs                      37.8                            0.6                       0.3
            OTA-AFB1        40                     24hrs                      64.2                            0.4                       0.2
            OTA-AFB1       40                     48hrs                      86.4                            1.1                       0.6
            FB1-AFB1        40                     12hrs                      39.6                            0.8                       0.4
            FB1-AFB1        40                     24hrs                      62.9                            0.4                       0.2
            FB1-AFB1        40                     48hrs                      69.3                            0.5                       0.3  

          MIXTURE         5                       12hrs                     15.7                             0.2                       0.1
            MIXTURE         5                       24hrs                     37.6                             0.6                       0.3
            MIXTURE         5                       48hrs                     59.9                             0.5                       0.3
            MIXTURE         40                     12hrs                     42.4                             1.1                       0.6
            MIXTURE        40                     24hrs                     87.1                             0.3                       0.1
            MIXTURE         40                     48hrs                     92.5                             1.0                       0.6  

*Individual and mixtures concentrations of aflatoxins and ochratoxins concentrations are in (ng/ml) and 
fumonisin B1 concentration is in (µg/ml).

Table 5 : A summary of flow cytometry results of mononuclear cell’s DNA cleavage after 12, 24 and 48 hours 
exposure to aflatoxin B1, ochratoxin A and fumonisin B1
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Renal Parameters as Predictors of Morbidity and Mortality in 
Snake Bite Patients in a Tertiary Care Hospital in Southern 
India    

By Imtiaz Pasha, Srinivasa Prabhu N C, Harsha Vardhana H S  
& Preethika Ravi Amira   
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Abstract - Background: Snake bite is predominantly an occupational hazard and a common cause of morbidity and 
mortality. Acute renal failure has been associated with venomous viper and sea snake bites.  

AIMS: This study was carried out to study the incidence and clinical profile of the snake bite patients who develop 
acute renal failure;and to identify the predictors of morbidity and mortality in these patients.  

Material and methodology: We carried out prospective study on fifty (50) cases of definitive snake bite admitted to 
Department of Medicine/Emergency medicine, Kempegowda institute of medical sciences, Bangalore from May 
2012 to November 2013.  

Statistical analysis: SPSS for Windows version 17.0 (SPSS, Inc, Chicago, Ill) was used for statistical analysis. The 
Pearson Chi-Square Test was used to analyze parametric variables. A P value of 0.05 or less was considered 
statistically significant.  

Keywords: snake bite, acute renal failure, oliguria, morbidity, mortality. 
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Mortality in Snake Bite Patients in a Tertiary Care 

Hospital in Southern India
     

 

 

 

 

 
 

 

 

 

 
 

  

 
 

I.
 

Introduction
 nake bite is predominantly an occupational hazard 

in the rural tropics and a common cause of 
morbidity and mortality1,2.The majority of

 
victims 

initially are treated by professional snakebite  healers, 
snake charmers, and religious men, who use herbal 
remedies, chant divine "mantras," and apply "snake 
stone," all of which are supposed  to magically draw out

 
 

   
 

the venom from the victim3. Death often occurs even 
before the patient can  be brought to the hospital.  

Globally, at least 421,000 envenomations and 
20,000 deaths occur each year due to snake bite. These 
figures may be as high as 1,841,000 envenomations 
and 94,000 deaths. Based on the fact that 
en¬venoming occurs in about one in every four 
snakebites, be¬tween 1.2 million and 5.5 million 
snakebites could occur an¬nually4. In many parts of 
Southeast Asian region, snake bite is a familiar 
occupational hazard of farmers, plantation workers and 
others, resulting in tens of thousands of deaths each 
year and innumerable cases of chronic physical 
handi¬cap5. India accounts for about 30,000 deaths per 
year due to snake bite6. 

More than 2,700 species of snakes are 
recognized the world over, but only about 450 of these 
have front fangs that make them capable of injecting 
venom during the bite7.  The venomous snakes belong 
to four families: Elapidae, Viperidae, Hydrophiidae, and 
Colubridae. 

Elapids are land snakes, the venom of which 
contains a high concentration of neurotoxins. The 
elapids, encountered in Africa and Asia7 include cobras, 
kraits, mambas, and coral snakes. Renal involvement is 
uncommon in victims of bites from members of this 
family. 

Vipers include the Russell's viper, Echis 
carinatus (sawscaled viper), puff  adder, pit vipers, and 
rattlesnakes. The vipers are the most widely distributed 
species. Russell's viper is found in India, Burma, 
Pakistan, Thailand, and other areas of Asia; Echis 
carinatus in Africa, India, Pakistan, Sri Lanka, and the 
middle east; and the puff adder (Bitis arietans) in Africa 
1, 2, 8, 9, 10 

The carpet or saw-scaled viper, Echis carinatus, 
justifiably can be labeled the most dangerous snake in 
the world. The factors contributing to its deadliness are 
its widespread distribution, abundance in farming areas, 
diurnal habits, good camouflage, and its highly toxic 
venom.  

Hydrophid or sea snake bites are reported 
mainly among fishing folk of Malaysia, Thailand, and 
western pacific coastal areas7,11,12,13,14. Sea snake venom 
is primarily myotoxic. 
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Abstract-Background: Snake bite is predominantly an 
occupational hazard  and a common cause of morbidity and 
mortality. Acute renal failure has been associated with 
venomous viper and sea snake bites.

AIMS: This study was carried out to study the incidence and  
clinical profile of the snake bite patients who develop acute 
renal failure;and to identify the  predictors of morbidity and 
mortality in these patients.

Material and methodology: We carried out prospective study 
on fifty  (50) cases of definitive snake bite admitted to 
Department of Medicine/Emergency medicine,  Kempegowda 
institute of medical sciences, Bangalore  from May 2012 to 
November 2013.

Statistical analysis: SPSS for Windows version 17.0 (SPSS, 
Inc, Chicago, Ill) was used for statistical analysis. The Pearson 
Chi-Square Test was used to analyze parametric variables. A P 
value of 0.05 or less was considered statistically significant.

Results: Prevalence of ARF in snake bite patients  was 40%.
The other common symptoms were swelling/inflammation of 
bite area (90%),  muscle pain/tenderness (60%),  oliguria 
(50%), fever(26%) and vomiting(26%),  hematuria(40%), 
proteinuria(52%)  and bleeding from site was present in 40% 
patients. Common findings on examination were tachycardia 
(38%), breathlessness (34%), and hypotension (36%).
Laboratory findings were Anaemia (26%); Leucocytosis (64%); 

Thrombocytopenia (48%); Coagulopathy (36%). The incidence 
of acute renal failure was 40% out of which  13(26%) 
underwent hemodialysis and 1 patient progressed to chronic 
kidney disease. The mortality rate was 4% 

Conclusions: Snake bite induced ARF has mortality of  4%. 
The factors associated with morbidity and mortality were 
presence of coagulopathy and increase in the number 
hospitilsation days
Keywords: snake bite, acute renal failure, oliguria, 
morbidity, mortality.
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Colubrids include the boomsiang (Dispholidus 
typus), and the bird snake (Thelotornis kirtlandi), which 
are back-fanged African species. Back-fanged colubrids 
are usually harmless to humans but are occasionally 
known to cause serious and fatal poisoning2. 

Renal  lesions have been associated with bites 
from members of the last 3 families, including the 
Russell's viper15-19, Echis carinatus10,16,18, puff adder 20,21 

,pit viper 22,23,24,25 and   sea snake11,12. 
Acute renal failure (ARF), the most significant of 

all the renal manifestations, has been reported with 
varying frequency in different studies. . In India, the most 
widely distributed vipers are Echis carinatus and 
Russell's viper 3. Most Indian patients are victims of 
Russell's viper or Echis Carinatus bites15-21 

In India, the incidence of ARF is 13% to 32% 
following Echis carinatus or Russell's viper bite16,28,29. 

A variety of histopathological findings have 
been described in snake bite patients. The most 
common of them have Acute tubular necrosis 3,7-9,30, 

Acute cortical necrosis31,Acute diffuse interstitial 
nephritis32,33,Proliferative glomerulonephritis.34. 

The aim of this study were to describe the 
incidence and clinical profile of the snake bite patients 
who develop acute renal failure; and to identify the  
predictors of morbidity and mortality in these patients. 

II. Materials and Methods 

Fifty (50) cases of definitive snake bite 
consecutively admitted to Department of 
Medicine/Emergency medicine, Kempegowda institute 
of medical sciences, Bangalore from May 2012 to 
November 2013 were taken up in this prospective 
obsvervational study. 

a) Inclusion Criteria 
1. Definitive history of snake bite 
2. Clinical picture consistent with snake bite, as 

presence of fang marks or cellulitis or coagulopathy 
or neuroparaly¬sis 

3. Presence of Acute Renal Failure, defined as an 
abrupt (within 48 hours) absolute increase in the 
VHUXP FUHDtLQLQH FRQFHQtUDtLRQ RI � �.� PJ�G/ IURP 
baseline value measured after admission to our 
hospital or elsewhere after snake bite, before 
referral to our hospital, or a percentage increase in 
tKH VHUXP FUHDtLQLQH FRQFHQtUDtLRQ RI � �� SHUFHQt 
above base¬line, or oliguria of less than 0.5 mL/kg 
per hour for more than six hours .Serum creatinine 
more than 1.5 mg/dL or oli¬guria (urine output less 
than 400 mL/day)35.      

b) Exclusion Criteria  
1. Patients with pre-existent renal disease (Serum 

creatinine > 1.5 mg/dL prior to snake bite or 
ultrasonography of abdomen suggestive of bilateral 

small kidneys/loss of corticomedullary differentiation 
/ obstruc¬tive nephropathy/other renal pathology) 

2. Diagnosed cases of hypertension/diabetes mellitus 
3. Exposure to nephrotoxic drugs/toxins. 

Data was collected by using pre-tested 
proforma meeting the objectives of the study. Purpose 
of the study was carefully explained to the patients and 
consent was taken. 

All patients were interviewed, detailed history 
was taken with respect to risk factors and detailed 
physical examination were carried out. Appropriate 
investigations were carried out. 

Laboratory investigations in¬cluded 
hemoglobin, total and differential leucocyte counts, 
platelet counts, red cell counts, bleeding and clotting 
time, coagulation profile including prothrombin time, 
activated partial thromboplastin time and international 
normalised ra¬tio (INR), urine microscopy, urinary 
protein, kidney and liver function tests and serum 
electrolytes. Radiological investi¬gations included X-ray 
chest and ultrasonography of abdo¬men. 

Statistical analysis: SPSS for Windows version 
17.0 (SPSS, Inc, Chicago, Ill) was used for statistical 
analysis. The Pearson Chi-Square Test was used to 
analyze parametric variables. A P value of 0.05 or less 
was considered statistically significant. 

III. Results 

During the study period of 18 months a total of 
50 patients were admitted for snake bite, out of which 
36(72%) were males and the male: female was 2.5:1.A 
majority were from rural areas 37(74%) and the rest from 
urban areas 13(26%). The mean age of the male 
patients was 41.81 years and that of the female patients 
was 48.29 years. 

A majority of the patients were farmers (54 %), 
labourers (18%) and housewife (16 %).The biting 
species identified were viper (70%),cobra (6%) and 
unknown species (14%). 

The peak incidence in the snake bite cases 
occurred during the months of july to September.            
Most of the patients were bitten during the day time 
(78%).The most frequently bitten site was the lower 
extremity (70%). 

Definitive fang marks were seen in (66%) of the 
cases. Tourniquet was applied in (10%) of 
patients.Cellulitis was seen in  patients, out of which  
patients developed compartment syndrome, requiring 
fasciotomy. 

Only 12% of patients presented to hospital 
within 2 hours of bite and the mean lapse of time from 
bite to hospitalisation in males was 17.39 hours and in 
females was 19.94 hours. 
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Table 1 : The clinical characteristics of snakebite patients 

Symptoms Number of 
patients 

% 

Swelling/inflammation of 
the bite area 

45 90 

Fang marks 33 66 
Muscle pain/Tenderness 30 60 
Proteinuria 26 52 
Reduced urine output 25 50 
Bleeding from bite site 20 40 
Hematuria 20 40 
Breathlessness 17 34 
Vomiting 13 26 
Bleeding from the gums 7 14 
Ptosis 5 10 

Table 2 : Hematological parameters 

Hematological 
parameters 

Number of patients % 

Hemoglobin (Hb in gms) 
<10.0% 13 26 
>10.0% 37 74 
Total count(/mm3) 
<11000 18 36 
>11000 32 64 
Platelet count(/mm3) 
<100000 24 48 
>100000 26 52 
Prothrombin time ( in secs)
< 15 sec 11 22 
>15 sec 39 78 
Activated partial thromboplastin time( APTT in secs) 
< 30 sec 9 18 
>30 sec 41 82 
INR 
< 1.5 26 52 
>1.5 24 48 
Fibrin degradation products( FDP) 
Positive 22 44 
Negative 28 56 

Table 3 :   Sr.Creatinine of patients 

Sr creatinine No patients % 
<1.5 30 60 
>1.5 20 40 

Table 4 :  WBCT in minutes of patients studied 

WBCT in minutes Number of 
patients 

% 

<20 min 14 28 
>20 min 36 72 

Total 50 100 
 
 
 
 
 
 

Table 5 : End results of snake bite patients studied 

End results No of patients % 
Discharged 47 94 
Death 2 4 
Chronic kidney 
disease 

1 2 

Table 6 : Number of hospitalization days 

Sr 
.Creatinine 

Number of 
hospitalization 

days 

% Mean SD P 
value 

<1.5* 32 64 9.88 7.534 0.003 

>1.5* 18 36 15.94 4.659 0.001 

*p<0.005 
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Table 7 : Levels of Blood urea of patients studied 

Blood urea Mean ± SD P value 

Baseline 44.66 ± 32.677 0.180 

24hrs 53.71 ± 39.688 0.90 

2nd day 51.49 ± 42.390 0.186 

3rd day 47.86 ± 45.155 0.105 

Table 8 : Levels of Serum creatinine of patients studied 

Serum creatinine Mean ± SD P value from 
Baseline 

Baseline 1.641± 1.319 0.091 

24hrs 1.827 ± 1.362 0.076 

48hrs 1.756 ± 1.545 0.188 

72hrs 1.780 ± 1.639 0.201 

Table 9 : Level of urine output 

Urine output Mean ± SD P value from 
Baseline 

Baseline 651.37 ± 509.825 0.074 

24hrs 1436.59 ± 
784.178 

0.318 

48hrs 1751.46 ± 
923.601 

0.564 

72hrs 1956.22 ± 
1331.394 

0.913 

 

Table no 10 :   INR VS Serum Creatinine  

INR<1.5                                                    Serum creatinine  

Baseline 24hrs 48hrs 72hrs 

Mean±SD P 
value 

Mean±SD P 
value 

Mean±SD P value Mean±SD P value 

1.55±1.48 1.000 1.54±1.17 1.000 1.39±0.87 1.000 1.43±1.17 1.000 

INR>1.5 Mean±SD P 
value 

Mean±SD P 
value 

Mean±SD P value Mean±SD P value 

1.91±1.5 0.071 2.26±1.69 0.071 2.34±2.1 0.352 2.25±2.09 0.728 

Laboratory data showed anemia 
(hemoglobin<10gm%) in 13(26%), leucocytosis in 
32(64%),     thrombocytopenia in 24(48%), coagulopathy 
in 18(36%), hematuria in 20(40%), proteinuria

 
in 

26(52%), and hyperkalemia in 9(18%)   .
 

Mean urine output at baseline, 24hrs, 48hrs and 
72hrs were 651.37 ml, 1436.59 ml, 1751.46 ml and 
1956.22 ml.  Mean Blood urea at baseline, 24hrs, 48hrs 
and 72hrs were 44.66 mgs%, 53.71mgs%,51.49 mgs%  
and 47.86 mgs% and  mean serum creatinine at  
baseline, 24hrs, 48hrs and 72hrs  were 1.641mgs%,

 

1.827mgs%,1.756mgs% and  1.780 mgs% respectively. 
 

There was no significant between group 
differences in creatinine between those with INR<1.5 
and INR>1.5

 

Out of these 50 patients, 20(40%) patients 
developed acute kidney injury and 13(26%) required 
hemodialysis and 1 patient progressed to chronic 
kidney disease. The mortality rate was 4%.    

 

IV.
 

Discussion
 

Snakebite is a common medical emergency 
and an occupational hazard. Renal manifestations 
include proteinuria, hematuria, pigmenturia, and acute 
renal

 
failure.

 

In India, the incidence of ARF is 13% to 32% 
following Echis carinatus or Russell's viper bite

 
16,

 

28,

 

29.

 

A variety of histopathological findings have 
been described in snake bite patients.The most 
common of them have Acute tubular necrosis3,7-9,30,

 

Acute cortical necrosis31,
 

Acute diffuse interstitial 
nephritis

 
32,

 
33,

 
Proliferative glomerulonephritis.34.

 

Most of the patients were found to be men in 
working age group, especially from rural population. 
Majority of the snake bites occurred between 6 am to 6 
pm, i.e., during working hours in the field. As expected, 
the snake bites more commonly involving lower

 
limbs. 

So, this also shows that use of protective footwear can 
reduce the snake bites.

 

In our study, out of 50  number
 
of snake bite 

patients, 20(40%) patients developed acute renal failure. 
This prevalence is higher compared to the other studies 
from India16,28,29.

 
The higher prevalence probably due to 

higher number of viper bites and delay in administration 
of ASV, as there is a delay in taking the patient to 
hospital after snake bite. 45(90%) of the patients had 
local cellulitis, indicating the vasculotoxic nature of 
envenomation.

 

There was a significant increase in duration of 
hospitalization in those with Creatinine >1.5 (18 days) 
compared to those with creatinine<1.5 (32 days).

 

The other common symptoms were 
swelling/inflammation of bite area (90%), muscle 
pain/tenderness (60%), oliguria (50%), fever

 
(26%) and 

vomiting(26%), hematuria(40%)  and bleeding from site 
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was present in 40% patients. Similar figures have been 
reported previously also38. 

Common findings on examination were 
tachycardia (38%), breathlessness (34%), and 
hypotension (36%) and Proteinuria ( 52%)  patients.  
Common laboratory findings were Anaemia (26%);, 
Leucocytosis (64%); Thrombocytopenia(48%),  
Coagulopathy (36%). Coagulopathy is an important 
factor contributing to increased mortality. The 
prevalence of coagulopathy in this study (36%) is 
comparable to that noted by Athappan et al39 i.e., 
27.7%, whereas it is less as compared to other series 
(60-80%) 40. By itself, coagulopathy is a marker of the 
vasculotoxicity and hemotoxicity of the poison, which 
means that these patients will have nephrotoxicity due to 
damage to renal microvasculature. Also coagulopathy 
leads to bleeding and hypotension which, further leads 
to renal insufficiency as a result of prerenal insult. 

The mortality of snake bite induced acute renal 
failure is found to be 4% in this study. This is less 
compared to estimates from other studies from India 
(22-50%)39. Kalantri et al reported an overall mortality of 
11% in venomous snake bite patients41. The mortality 
can be prevented by intervention at various levels, which 
include early transfer of the patient to a primary health 
care facility, where ASV should be administered at the 
earliest. The high risk patients should be identified early 
and referred to higher centre. 

The limitations of this study were a smaller 
sample size and lack of investigations like renal biopsy. 

This study concludes that acute renal failure 
occurs in 40% victims of snake bite and is associated 
with significant increase in the number of hospilisation 
days. Common manifestations in¬clude cellulitis, 
oliguria, proteinuria, coagulopathy and 
thrombocytopenia. The overall mortality of snake bite 
in¬duced acute renal failure is 4%. Presence of 
coagulopa¬thy and increase in the number of  
hospitisation days  are predictors of morbidity and 
mortality  in snake bite patients who develop acute renal 
failure.  
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Abstract -
 
A High Performance Liquid Chromatographic method was developed and validated for quantitative 

determination of Guaifenesin impurities including 2-(2-
 

methoxyphenoxy)propane-1,3-diol (β-isomer) and 2-
 methoxyphenol (guaiacol) in different multi drug components pharmaceutical dosage forms, containing guaifenesin, 

ambroxol hydrochloride and salbutamol sulfate . The different analytical performance parameters such as linearity, 
precision, accuracy, limit of detection (LOD), limit of Quantification (LOQ) were determined according to International 
Conference on Harmonization (ICH) Q2B guidelines. The chromatographic separation was achieved on EC 
NUCLEODUR-100-3C18 (250x4,6 mm, 5μm packing) column using gradient elution of Solvent A (0.1 M ammonium 
acetate buffer of pH 6.8) and solvent B (acetonitrile : methanol (80:20)) The Ultra Violet spectrophotometric 
determination was performed at 275 nm. The Linearity of the calibration curves for the analytes in the desired 
concentration range is good (r2 = 0.999) by High Performance Liquid Chromatography. The LOQ were 1 and 0.1 
μg/ml respectively for guaifenesin β-isomer and guaiacol. The average percentage recovery of guaifenesin 
impurities was found to be within 98.6 –

 
101.2% of range. The developed method can be successfully used for 

identification and quantification of guaifenesin impurities β-isomer and guaiacol in the presence of guaifenesin, 
ambroxol hydrochloride and salbutamol sulfate in multi drug components pharmaceutical formulations.

 Keywords: RP-HPLC, validation, guaifenesin impurities, 2-(2-methoxyphenoxy)-propane-1,3-diol (β-isomer) and 2-
methoxyphenol (guaiacol).
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Development and Validation of RP-HPLC 
Method for Simultaneous Determination of 

Guaifenesin Impurities in Multi Drug 
Combinations

Levon A. Melikyan ɲ,  Rosa S. Grigoryan ʍ  & Tigran K. Davtyan ʌ

Abstract- A High Performance Liquid Chromatographic 
method  was developed and validated for quantitative 
determination of Guaifenesin impurities including 2-(2-
methoxyphenoxy)propane-1,3-diol (β-isomer) and 2-
methoxyphenol (guaiacol) in different multi drug components 
pharmaceutical dosage forms, containing guaifenesin, 
ambroxol hydrochloride and salbutamol sulfate . The different 
analytical performance parameters such as linearity, precision, 
accuracy, limit of detection (LOD), limit of Quantification (LOQ) 
were determined according to International Conference on 
Harmonization (ICH) Q2B guidelines. The chromatographic 
separation was achieved on EC NUCLEODUR-100-3C18 
(250x4,6 mm, 5µm packing) column using gradient elution of 
Solvent A (0.1 M ammonium acetate buffer of pH 6.8) and 
solvent B (acetonitrile : methanol (80:20)) The Ultra Violet 
spectrophotometric determination was performed at 275 nm. 
The Linearity of the calibration curves for the analytes in the 
desired concentration range is good (r2 = 0.999) by High 
Performance Liquid Chromatography. The LOQ were 1 and 
0.1 μg/ml respectively for guaifenesin β-isomer and guaiacol. 
The average percentage recovery of guaifenesin impurities 
was found to be within 98.6 – 101.2% of range. The developed 
method can be successfully used for identification and 
quantification of guaifenesin impurities β-isomer and guaiacol 
in the presence of guaifenesin, ambroxol hydrochloride and 
salbutamol sulfate in multi drug components pharmaceutical 
formulations.  
Keywords: RP-HPLC, validation, guaifenesin impurities, 
2-(2-methoxyphenoxy)-propane-1,3-diol (β-isomer) and 
2-methoxyphenol (guaiacol). 

I. Introduction 

ncreased mucus secretion is a clinical feature of 
severe respiratory diseases, such as asthma, cystic 
fibrosis and chronic obstructive pulmonary disease 

[1]. Pharmacological approaches for relieving mucus 
hypersecretion currently include several classes of 
agents, including expectorants, mucoregulators, 
mucolytics, bronchodilators anti-inflammatory drugs and 
antioxidants [2]. Classic mucolytic drugs such as N-
acetylcysteine decrease the viscoelastic properties of 
mucus    by    reducing    disulfide   bonds.   In   contrast, 
 
Author α σ ρ: Analytical Laboratory Branch, Scientific Center of Drug 
and Medical Technology Expertise JSC Ministry of Health of Armenia, 
Komitas  Republic of Armenia.  e-mail: tigdav@excite.com 

expectorants change mucus consistency and make 
coughing more productive, mucokinetics improve 
transportability, and mucoregulators suppress mucus 
secretion. Mucolytics generally decrease mucus 
viscosity by reducing the dicysteine bridges that 
contribute to the rigidity of the mucins [3]. Guaifenesin 
(GFN) is a commonly used expectorant drug for 
productive cough, which is reported to increase the 
volume  and  reduce  the  viscosity  of  tenacious 
sputum [4, 5]. 

Currently recommend consideration for 
management of mucus hypersecretion is the 
combination of expectorants, mucoregulators, 
mucolytics and even bronchodilators in different multi 
drug components pharmaceutical formulations [3,6]. 
Therefore, the simultaneous identification and 
quantification of active pharmaceutical ingredients (API) 
and its related impurities along with some other active 
ingredients and excipients in multicomponent 
pharmaceutical products is a very intensive activity 
performed at many levels of the drug discovery pipeline 
and beyond. Impurities relate to starting materials, by-
products, breakdown products or polymorphs are of 
significant concern as they may carry activity 
responsible for eventual undesirable side effects or 
toxicity and may interfere with the drug’s activity. Thus 
monitoring impurities in API which exist as various 
combinations in cough-cold multicomponent drug 
products  is  a  prerequisite  for  insuring drug safety 
and quality.  

A literature survey reveals some HPLC methods 
that are reported for the simultaneous determination of 
GFN along with some other active ingredients in a 
multicomponent tablet and liquid dosage formulation as 
anticipated with the variation of mobile phase, column 
and detector. Different HPLC methods for individual 
assay and related impurities are available for GFN in 
official pharmacopoeia and several LC-MS/MS methods 
were used for determination of GFN in Human Plasma 
[11]. Hence an attempt has been made to develop a 
simple, efficient and selective method for the 
determination of guaifenesin impurities (Figure 1), 2-(2-
methoxyphenoxy)-propane-1,3-diol (ɴ-isomer) and 2-
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methoxyphenol (guaiacol) in the presence of 
guaifenesin, ambroxol hydrochloride and salbutamol 
sulfate in multi drug components pharmaceutical 
formulations. 
 
  
 
  
 
 
 
  
 
 
 
 
 
 
Figure 1 : Structure of guaifenesin (A), guaifenesin ɴ-
isomer (B) and guaiacol (C). 

II. Materials and Methods 

a) Instrumentation 
A High Performance Liquid Chromatography 

(HPLC) method for GFN ɴ-isomer and guaiacol 
analytical method was developed on PLATIN BLUE 
UPLC (Knauer, Germany) with diode array detector. 
NUCLEODUR-100-3C18 (250x4, 6 mm, 3 ʅm packing, 
Machery-Nagel, Germany) column was used. The 
elution was carried by gradient elution method of mobile 
phases A and B.  

b) Chemicals 
Ammonium acetate (Sigma-Aldrich, HPLC 

grade), Millipore water,  methanol (HPLC grade, Alpha 
chemika, purity: 99.9%, batch: A----); acetornitrile (HPLC 
grade, Alpha chemika; purity: 99.9%, batch: A5982;), 
impurity A, 2-methoxyphenol (guaiacol) Sigma-Aldrich, 
purity: 99,9%); impurity B 2-(2-methoxyphenoxy)-
propane-1,3-diol (ɴ-isomer) (Sigma-Aldrich, purity: 
99,9%);  GFN and ambroxol hydrochloride (Sigma-
Aldrich, purity: 99,9%); salbutamol sulfate (Sigma-
Aldrich, purity: 99,8%); methylparaben (Sigma-Aldrich, 
purity: 100%); propylparaben (Sigma-Aldrich, purity: 
100%) and citric acid monohydrate (Sigma-Aldrich, 
purity: 99.7%) were used in this study. 

c) Preparation of stock solution and working standard 
solution 

Preparation of mobile phase. Solvent A - 7.7 gm 
of ammonium acetate was weighed and transferred into 
a 1000 ml beaker, dissolved and diluted with 1000 ml 
water and pH brought to 6.8 by ammonia or acetic acid. 
The solvent A was filtered through 0.45 ʅm membrane 
filter under vacuum filtration and was degassed before 
used, then delivered at a flow rate 1.0 ml/min. Solvent B 
- acetonitrile and methanol (80:20). 

d) Preparation of solvent for standards and sample 
Solvent C- 750 ml of solvent A and 250 ml of 

solvent B are mixed together. 

e) Preparation of standard solution 
10.0 mg of GFN standard was weighed and 

transferred into 10 ml volumetric flask. 8 ml of solvent C 
was added sonicated for 5 min, mixed thoroughly to 
dissolve and make up the volume to 10 ml with mobile 
phase (1 mg/ml concentration). 5.0 mg of guaiacol 
reference standard was weighed and transferred into 20 
ml volumetric flask and make up the volume to 20 ml 
with solvent C. 1.0 ml of guaiacol solution was 
transferred into 50 ml volumetric flask and make up the 
final volume to 50 ml with solvent C (5 ʅg /ml 
concentration). 10.0 mg of GFN ɴ-isomer reference 
standard was weighed and transferred into 20 ml 
volumetric flask and make up the volume to 20 ml with 
solvent C. 1.0 ml of GFN ɴ-isomer solution was 
transferred into 50 ml volumetric flask and make up the 
final volume to 50 ml with solvent C (10ʅg/ml 
concentration). 

f) Preparation of sample solution 
Melon® (Aversi, Georgia) which is a 

combination of ambroxol hydrochloride (15 mg); 
salbutamol sulfate (2.4 mg); guaiphenesin (100 mg), per 
190 mg tablet or a cough mixture of ambroxol 
hydrochloride (15 mg); salbutamol sulfate (1.2 mg); 
guaiphenesin (50 mg), per 5 mL syrup were used in this 
study. 20 tablets were grinded in to a homogenous 
powder and 190 mg were transferred into 100 ml 
volumetric flask and make up the final volume to 100 ml 
with solvent C (1mg/ml concentration). 10.0 ml of the 
syrup was transferred into 100 ml volumetric flask and 
make up the final volume to 100ml with solvent C 
(1mg/ml concentration). The sample solutions were 
sonicated for 5 min, mixed thoroughly to dissolve and 
filtered through 0.45 ʅm membrane filter. 

g) Specificity and Robustness 
The specificity of the assay method is 

established by injecting blank, containing 1 mg/ml GFN, 
ambroxol hydrochloride, salbutamol sulfate methyl-, 
propylparaben and citric acid monohydrate as well as 
standard and samples into the HPLC. The identity of 
GFN impurities, including ɴ-isomer and guaiacol was 
confirmed by comparison of its retention time (RT) and 
UV-spectra. Robustness was established by varying the 
chromatographic condition with respect to specificity of 
the method in various pH conditions of mobile phase. 
Standard and sample solutions were injected and the 
chromatograms were recorded. 

h) Quantification Limits 
The quantification limit was defined as the 

lowest fortification level evaluated at which acceptable 
average recoveries were achieved and analyte peak is 
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consistently generated at approximately 10 times the 
baseline noise in the chromatogram. The limit of 
quantification (LOQ) was defined as LOQ=10 S/K. 
Where ‘S’ is the standard deviation of replicate 
determination values; ‘K’ is the sensitivity namely the 
slope of the calibration graph.  

i) Calibration curve  
The calibration curve was constructed by 

plotting peak area concentration of GFN impurities 
standard solutions. Aliquots of guaiacol standard stock 
solutions in the concentration range 0.1-10 ʅg/ml and 
GFN ɴ-isomer reference standard in the concentration 
range 1.0 - 100 ʅg/ml were transferred into 25 ml 
volumetric flask and 10 ml of solvent C was added, 
sonicated for 5 min, mixed thoroughly to dissolve and 
make up the volume to 25 ml with solvent C. Each 
concentration of the standard solutions 10ʅl was 
injected and the chromatograms were recorded. The 
calibration graph was done by external standard 
calibration and confirmed using back calculation 
method. 

j) Accuracy 
Accuracy was determined for standard quality 

samples (in addition to calibration standard) prepared in 
triplicates at different concentration levels (5.0, 50, 100 
µg/ml for GFN ɴ-isomer and 0.5, 5.0, 10.0 µg/ml for 
guaiacol standard solutions respectively.) within the 
range of linearity of GFN impurities. The results of 
analysis of recovery studies were obtained by method 
validation by statistical evaluation.  

k) Precision 
The  precision  of  the  instruments  was  

checked  by  repeatedly  (intra day) intermediate (inter 
day) and reported as % RSD for a statistically significant 
number of replicate measurements. Repeatability and 
intermediate precision of the method were determined 
by analyzing 6 samples of the test concentration 5.0, 50, 
100 µg/ml for GFN ɴ-isomer and 0.5, 5.0, 10.0 µg/ml for 
guaiacol standard solutions respectively. 

l) Stress Conditions  
The stress conditions employed for degradation 

study included oxidative hydrolysis and photochemical 
degradation as it described in [12]. To 10 ml of both 
GFN standard solution and pharmaceutical formulations 
10 ml of 1 % v/v H2O2 was added separately. These 
mixtures were refluxed separately for 1 hour at room 
temperature. The forced degradation in oxidative media 
was performed in the dark in order to exclude possible 
photo-degradation. For carrying out photolysis studies 
the samples were treated with UV light for 6 hours at 254 
nm and also in sunlight.  

 
 
 

III. Results and Discussion 

a) Method development
 

The aim of this study was to develop a simple, 
efficient and selective method for the determination of 
GFN impurities 2-(2-methoxyphenoxy)-propane-1,3-diol 
(ɴ-isomer) and 2-methoxyphenol (guaiacol) in the 
presence of GFN, ambroxol hydrochloride and 
salbutamol sulfate in multi drug components 
pharmaceutical tablet and syrup formulations. Various 
attempts were made to separate all degradation 
products with different pH of the mobile phase buffer 
and composition of methanol in the mobile phase using 
C-18 and C-8 stationary phase columns. The RP-HPLC 
method for GFN ɴ-isomer and guaiacol was optimized 
(Table 1). To ensure great resolution between all known 
and unknown degradation compounds, the C-18 
stationary phase with an end-capping was used. HPLC 
parameters, such as detection wavelength, ideal mobile 
phase & their proportions and flow rate were carefully 
studied (Table 1). After trying different ratios of mixtures 
of methanol:acetonitrile and ammonium acetate buffer 
the best results were achieved by using a gradient 
elution. The mobile phase gradient constituted by 
ammonium acetate buffer: (solvent A) and acetonitrile: 
methanol (80:20) (solvent B). At a flow rate of 1.0 
ml/min, the retention time were 6, 32 min for guaiacol 
and 12, 73 min for GFN ɴ-isomer. The analytes peak 
areas were well defined and free from tailing under the 
described experimental conditions.

 

b) System suitability
 

System suitability test was carried out on freshly 
prepared solution of GFN ɴ-isomer and guaiacol to 
ensure the validity of the analytical procedure. Data from 
six injections were used to confirm system suitability 
parameters like retention time, UV-spectra and peak 
area. The results are presented in Table 2. The values 
obtained demonstrated the suitability of the system for 
the analysis of GFN impurities. The method gives sharp 
and well defined peaks with significant RT values which 
were desired for quantification of GFN

 
related impurities 

in the presence of blank, containing GFN, ambroxol 
hydrochloride and salbutamol sulfate (Table 2).

 

c) Specificity
 

Specificity is the ability of the method to 
measure the analytes response in the presence of their 
potential impurities and degradation products. Blank 
(placebo) interference was evaluated by analyzing the 
blank, containing GFN, ambroxol hydrochloride, 
salbutamol sulfate methyl-, propylparaben and citric 
acid, prepared as in the test method (Figure 2a).  The 
method showed specificity because GFN ɴ-isomer and 
guaiacol were well-resolved and no interfering peaks 
were observed as it appears in Figure 2b. Stress studies 
were performed either for guaifenesin impurities and 
tablet to provide an indication of the stability-indicating
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property and specificity of proposed method. The stress 
conditions employed for degradation study included 
oxidative hydrolysis and photochemical degradation. 
GFN ɴ-isomer and guaiacol were found stable under 
oxidative and photolytic stress conditions (Figure 3). The 
peak purity test was carried out for the guaifenesin peak 
by using the PDA detector in stress samples. The mass 
balance (% assay + % sum of all degradants + % sum 
of all impurities) results were calculated and found to be 
more than 95%. The purity of GFN ɴ-isomer and 
guaiacol was unaffected by the presence of GFN, 
ambroxol hydrochloride, salbutamol sulfate methyl-, 
propylparaben and citric acid and degradation 
products, and thus confirms the stability-indicating 
power of the developed method.  

d) Linearity and LOQ 
The linearity was determined by constructing 

calibration curve. The calibration curves in this study 
were plotted between amount of each of analyte versus 
peak area and the regression equations with a 
regression coefficient were obtained. The linear 
regression data (Table 3) showed good linear 
relationship over a concentration range of 1-100 µg/ml 
for GFN ɴ-isomer and 0.1-10.0 µg/ml for guaiacol. 
Regression equation for GFN ɴ-isomer was Y=7.709X + 
0.165 and Y=5.588X + 0.005 for guaiacol with a 
regression coefficient of 0.9999 for each of analyte. The 
linearity of estimated RP-HPLC method was found to be 
over the concentration range of 1-100 µg/ml for GFN ɴ-
isomer and 0.1-10.0 µg/ml for guaiacol which 
furthermore have been confirmed using back calculation 
method. The RE % of linearity back calculation method 
requirements for analyte calculated to introduced 
concentration ration to be less than 15% for at last 6 
calibration standards or 75 % of samples, expect LOQ, 
which should be not less than 20%. As it shown in the 
Table 3, the GFN ɴ-isomer and guaiacol RP-HPLC 
assay linearity meets all the validation quality 
requirements.  

 

e) Accuracy and precision 
The intra day precision was determined by 

measurement of analyte concentration using five 
replicates of GFN impurities solutions at three different 
concentrations 0.5; 5 and 10 ʅg/ml for guaiacol and 5,0; 
50 and 100 ʅg/ml for GFN ɴ-isomer two times on the 
same day and inter day variations were determined 
similarly on consecutive days. These concentrations 
have been selected according to the assay 

quantification low, medium and high limits for each of 
analyte (QCL, QCM and QCH respectively). The 
repeatability of sample application was assessed 5 
times on HPLC followed by recording of the amount of 
GFN related impurities solutions. The % RSD for peak 
values of guaiacol was found to be 2.188% and 2.591% 
for QCL intra and inter-day precision respectively. The % 
RSD and results for GFN related impurities QCL, QCM 
and QCH concentration are depicted in Table 4, which 
reveal intra and inter day variations of analytes 
concentration.  

f) Recovery studies 
The accuracy of the proposed method was also 

further assessed by performing recovery experiments 
using the standard addition method. Recovery studies 
of the different samples were carried out for the 
accuracy parameter. These studies were carried out at 
three levels (QCL, QCM and QCH respectively); sample 
solutions of 5, 50 and 100 ʅg/ml as well as standard 
solutions were prepared for the GFN ɴ-isomer and 
recovery studies were performed using five replicates. 
For guaiacol accuracy parameter studies three 
concentration levels either of sample solutions as well 
as standard solutions QCL, QCM and QCH, 
corresponding to 0.5, 5.0 and 10.0 ʅg/ml concentration 
respectively were used. The repeatability of sample 
application was assessed 5 times on HPLC followed by 
recording of the peak area of GFN related impurities 
solutions. Percentage recovery was found to be within 
the limits as listed in Table 5.  

g) Robustness 
To determine the robustness of the developed 

method, experimental conditions were deliberately 
altered and the relative retention time of ɴ-isomer and 
guaiacol with respect to guaifenesin; and system 
suitability parameters for guaifenesin standard was 
recorded. The variables evaluated in the study were pH 
of the mobile phase buffer (±0.2), column temperature 
(± 5°C). In all the deliberate varied chromatographic 
conditions, all analytes were adequately resolved and 
the elution order remained unchanged.  

IV. Conclusion 

A new, accurate and selective HPLC method 
were proposed for the determination of guaifenesin 
impurities, 2-(2-methoxyphenoxy)-propane-1,3-diol (ɴ-
isomer) and 2-methoxyphenol (guaiacol) in the 
presence of guaifenesin, ambroxol hydrochloride , 
salbutamol sulfate in multi drug components 
pharmaceutical formulations as per the ICH guidelines. 
The methods were found to be simple, selective, precise 
and accurate. Therefore, these methods can be used as 
routine testing as well as stability analysis of guaifenesin 
and ambroxol impurities in bulk and in formulations. All 
statistical results (Percentage, Mean, RSD, Percentage 
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In order to determine the quantification limit 
analytes concentration in the lower part of calibration 
curve was used. GFN ɴ-isomer and guaiacol solutions 
of 1ʅg/ml and 0.1 µg/ml respectively were prepared and 
analyzed using six replicates and the amount of each 
analyte peak area was determined. The LOQ values for 
GFN ɴ-isomer and guaiacol are shown in Table 3.



difference and recovery %) were within the acceptance 
criteria. 
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Table 1 : Optimized chromatographic conditions for GFN impurities, including GFN ɴ-isomer and guaiacol, and 
ambroxol impurities 

Parameter/Condition
 

Specification
 

Column
   

Mobile phase
 
gradient

 Solvent A- 0.1 M ammonium acetate buffer of pH 6.8 Solvent B - 
acetonitrile:methanol

 
(80:20)

 

Working wavelength
 

275 nm
 

Column temperature
 

45oC 
Sample volume

 
10 uL

 

Run time
 

60
 
min

 

Gradient elution
 

 

 
Time

 
(min)

 
Flow

 

(ml/min)
 Comp. A

 

(%) 
Comp. B

 
(%)

 

1
. 

0.0
 

1.0
 

25
 

75
 

2
. 

20.0
 

1.0
 

25
 

75
 

3
. 

40.0
 

1.0
 

50
 

50
 

4
. 

42.0
 

1.0
 

50
 

50
 

5
. 

50.0
 

1.0
 

25
 

25
 

6
. 

60.0
 

1.0
 

25
 

25
 

 

Table 2 :
 
Specificity of RP-HPLC method for GFN ɴ-isomer and guaiacol *

 

Parameters
 

guaiacol
 

GFN β-isomer
 

RT

 
12,726 ± 0,0087

 
6,318

 
± 0,060

 

Peak area
 

17517,4 ± 417,17
 

11591.6 ± 180,76
 

RT

 
%RSD ¶ 

 0,068
 

0,95
 

Peak area
 

%RSD¶
 2,381

 
1,559

 

*All data represent Mean r
 
SD for n=6 standard samples for each

 
of mentioned analyte. Grubbs test detects no 

outliers from normal distribution (α
 
= 0.02). %RSD = 100 × (SD/Mean).
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EC NUCLEODOR-100-3C18 (250x4,6mm, 5µm packing)

http://en.wikipedia.org/wiki/Micro-


Table 3 : Regression analysis of the calibration curve for GFN ɴ-isomer and guaiacol for the proposed RP-HPLC 
method 

Parameters guaiacol GFN β-isomer 

Concentration range 0.1-10 µg/ml 1-100 µg/ml 

Slope 5.588 7.709 

Intercept 0.005 0.165 

Correlation coefficient 0.9999 0.9999 

Regression equation Y=5.588X + 0.005 Y=7.709X + 0.165 

RE%* -2.051 0.175 

LOQ (µg/ml)  0.098 ± 0.0029 1.017 ± 0.0109 

LOQ  %RSD  2.974 1.078 

 * RE % of linearity back calculation method represented the percentage of ration 100×(E-T)/T, where E is a 
calculated concentration and T – is a introduced concentration of the analyte. All data represent Mean r SD for n=6 
standard samples for each of mentioned analyte. Grubbs test detects no outliers from normal distribution (α = 0.02). 
%RSD = 100 × (SD/Mean). 

Table 4 : Intra day and inter day precision of the RP-HPLC method for GFN related impurities solutions 

Parameters guaiacol GFN β-isomer 

Concentration of 
analyte added (μg/ml)  

0.5 
QCL 

5.0 
QCM 

10.0 
QCH 

5.0 
QCL 

50.0 
QCM 

100.0 
QCH 

Concentration of 
analyte found (μg/ml) 

* 

0.515 
±0.011 

5.219 
±0.043 

10.23 
4±0.046 

4.981 
±0.104 

51.516 
±0.536 

98.030 
±0.219 

Intra day %RSD ¶ 2.188 0.842 0.452 2.095 1.041 0.224 

Inter day %RSD ¶ 2.591 3.681 1.702 1.248 1.694 4.253 

*Mean and SD represent for n=5 standard samples for each of mentioned analyte. %RSD = 100 × (SD/Mean). 

Table 5 : Recovery analysis of the RP-HPLC method for GFN related impurities 

Parameters 

guaiacol GFN β-isomer 

QCL
 

0.5
 μg/ml

 

 

QCM
 

5 μg/ml
 

 

QCH
 

10
 μg/ml

 
QCL

 

5 μg/ml
 

 

QCM
 

50
 μg/ml

 

 

QCH
 

100
 μg/ml

 

Peak area of 
sample*   

8697 ± 
249.2

 87717±  
832.2

 180311 ±  
2290

 60141 ± 
780.7

 624380 ± 
18210

 1369669 ± 
44541 
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Peak area of 
standard*   

8690 ± 
76.7 

87091 ± 
554.1 

174405 ±  
820.3 

59578 
±1681 

609760 ± 
30391 

1289523 ± 
47336 

Recovery %¶ 101.24 110.7 103.4 100.94 102.49 103.21 

Average % 101.77 103.21 

%RSD¶ 1.39 2.63 

*Mean and SD represent for n=5 standard samples for each of mentioned analyte. Recovery %  is  calculated by 1- 
(sample average peak area/ standard average peak area)×100%. %RSD = 100 × (SD/Mean). 

 

Figure 2a : Typical Chromatogram of blank solution containing GFN, Salbutamol and Ambroxol 

Figure 2b : Chromatographic separation of guaifenesin impurities in mix solution containing salbutamol, ambroxol 
HCl, GFN, preservatives and  Ambroxol HCl impurities 
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Figure 3

 

: Typical Chromatogram of sample spike solution after oxidation stress
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Simple UV Spectrophotometric Assay of Atorvastatin API 
Formulation and their Comparative Study     

By Dr. Safila Naveed    
 Jinnah University for Women Karachi, Pakistan  

Abstract - A rapid, simple, accurate, and economical least time consuming rosuvastatin 
spectrophotometric method has been developed for the assay of atorvastatin and then compare 
assay of brand available in Karachi,Pakistan. The assay is based on the ultraviolet UV 
absorbance maxima at about 244nm wavelength of atorvastatin using methanol as solvent. A 
sample of drug was dissolved in methanol to produce a solution containing atorvastatin. 
Similarly, a sample of ground tablets of different brand were extracted with methanol and diluted 
with the same methanol. The absorbance of sample preparation was measured at 244 nm 
against the solvent blank and the assay was determined by comparing with the absorbance of 
available brand. The method can be applied for the routine QC quantitation of atorvastatin in 
tablet formulation and active. 

Keywords: atorvastatin, assay, uv pectrophotometry.

  

Simple UV SpectrophotometricAssayof AtorvastatinAPIFormulationandtheirComparativeStudy 

                                                                          

Strictly as per the compliance and regulations of:

 

 

 

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

Global Journal of Medical research: B
Pharma, Drug Discovery, Toxicology and Medicine 
Volume 14 Issue 2 Version 1.0 Year 2014
Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

GJMR-B Classification: NLMC Code: QV 55, WB 330



Simple UV Spectrophotometric Assay of 
Atorvastatin API Formulation and their 

Comparative Study
Dr. Safila Naveed

Abstract- A rapid, simple, accurate, and economical least time 
consuming rosuvastatin spectrophotometric method has been 
developed for the assay of atorvastatin and then compare 
assay of brand available in Karachi,Pakistan. The assay is 
based on the ultraviolet UV absorbance maxima at about 
244nm wavelength of atorvastatin using methanol as solvent. 
A sample of drug was dissolved in methanol  to produce a 
solution containing atorvastatin. Similarly, a sample of ground 
tablets of different brand were extracted with methanol and 
diluted with the same methanol. The absorbance of sample 
preparation was measured at 244 nm against the solvent 
blank and the assay was determined by comparing with the 
absorbance of available brand. The method can be applied for 
the routine QC quantitation of atorvastatin in tablet formulation 
and active. 
Keywords: atorvastatin, assay, uv pectrophotometry. 

I. Introduction 

torvastatin figure 1 is an HMG-CoA reductase 
inhibitors (3-hydroxy,3-methylglutaryl-CoA), called 
statins. It  was  a  breakthrough  for the prevention 

of hypercholesterolemia and related diseases.1-3 
Cholesterol has an important role in the daily functioning 
of the body. But, it can also have a negative effect  to 
the development of atherosclerosis. These plaques can 
block the arteries, disturb blood flow, or may rupturing 
and causing a clot that increases blockage. The results 
of these blockages are very serious and can cause 
angina, claudication, stroke and heart attack.4 
Hyperlipidemia and hypertension are correlated to each 
other and have additional effect on CHD coronary heart 
disease and associated mortality rate, since CV 
cardiovascular disease is closely related to some factors 
such as high cholesterol levels, hypertension or 
diabetes. In literature there are many evidences which 
suggest additive beneficial effects of statin combined 
with losartan in the treatment of hypercholesterolemia, 
hypertensive patients.5 

There are several methods reported by HPLC 
with the statin 6-10 but there is study found that show 
the comparison of available brands in market.Because 
the therapy is very expensive an person who has any 
cardiovascular disorder take medicine life time when he 
started.Therefor it is important that they use medicine 
should not be expensive and give hundred % result. 
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There for in the mind of this I have checked the 
% assay of different brands available in the market . 

The aim of this study is to investigate the assay  
of commercially available six brands of atorvastatin in 
Karachi, Pakistan. 

 

Figure 1 :  Structure of Atorvastatin 

II. Experimental 

UV visible 1601 Shimadzu double beam 
spectrophotometer was used to measurement of 
spectra. The solvent which are used for the assay was 
spectroscopic-grade methanol.  

a) Wavelength Selection  
About 100 ppm of atorvastatin was accurately 

prepared in spectroscopic-grade methanol . This 
solutions were  scanned in the 200-400 nm UV region. 
The wavelength maxima (λmax) was observed at 244 
nm and this wavelength was adopted for absorbance 
measurement.  

b) Standard Stock solution  
Accurately weighed 10 mg of atorvastatin 

standard was transferred to a volumetric flask and add 
add suffi-cient methanol to produce 100 ml. This was 
sonicated 5 min to dissolve it.  

c) Sample Preparation  
The six different brands were purchased from 

different Public medical store located in Karachi, 
Pakistan. All tablets of each brand have same batch 
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number and were labeled to conatin atorvastatin 10mg 
per tablet. All the six brands have 5 year shelf life. 

The serial number as an identification  of 
purchased brands are  given in Tabel 1.20 tablets of six 
different brand of atorvastatin from the marketed sample 
were weighed and crushed uniformly with the help of a 
mortar and pestle. By calculating the average  weighed 
sample powder equivalent to 10 mg of atorvastatin was 
transferred into a volumetric flask containing 10mL 
methanol solvent MeOH. The solutions were sonicated 
for about 5 min and than make up volume upto 100 ml 
with water. 

d) Procedure  
After preparation of  standard and tablet 

solutions, strength of solution 100 ppm  in 100 ml 
absorbance of the sample preparation and standard 
preparation in 1cm cell at the wavelength of maximum 
absorbance at about 244 nm, using a 
spectrophotometer, using the blank solution. Calculate 
the quantity in mg, of atorvastatin per tablet. 

III. Results and Discussions 

Pharmaceutical assay was carried out by using 
spectrophotometer on all brands of atorvastatin tablets 
during the study. Table-1 shows name brand and % 
assay of different brands. Table-2 ,3 are showing the 
descriptive within and between groups and shows result 
are highly significant with p value 0.000. 

Test of hypothesis i-e ANOVA and multiple 
comparison of different brands of atorvastatin  are given 
in table 3 shows highly significant difference of all 
brands with each other. The proposed method for the 
assay of  commercially available atorvastatin tablet 
formulation is very simple, accurate ,least time 
consuming and rapid. It can be easily  used for routine 
quality control QC for monitoring the assay in the API, in-
process samples and tablet formulation. ANOVA shows 
between and within group  F value 309348.804 with  
degree of freedom df value5 and 24 and p value 0.00 
which shows significant results.  
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Table 1 : % assay of different brands of atorvastatin 

Brand Name Serial no 
Average wt 
of tablet mg Wt for 100 ppm 

Absorbance 
244 nm % assay 

Prostatin ATR- 1 16.43 16.43 0.157 104.66 

Statin ATR- 2 16.6 16.6 0.137 91.33 

Fopsec ATR- 3 15.9 15.9 0.099 66.00 

Winstor ATR- 4 15.6 15.6 0.118 78.66 

Survive ATR- 5 18.8 18.8 0.059 39.33 

Lipiget ATR- 6 18.8 18.8 0.093 62.00 
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Table 2 : Descriptive statistics of different brands of  atorvastatin 

  Sum of Squares df Mean Square F Sig. 

Between Groups 13328.351 5 2665.670 309348.804 .000 
Within Groups .207 24 .009   

Total 13328.557 29    
 

Figure 1 

Table 5 : Multiple Comparisons of different brands of acetaminophen 

  
 

   
  

ATR1 

ATR2 13.30467* .05871 .000 13.1835 13.4258
ATR3 38.56733* .05871 .000 38.4462 38.6885 
ATR4 25.96600* .05871 .000 25.8448 26.0872 
ATR5 65.29267* .05871 .000 65.1715 65.4138 
ATR6 42.53133* .05871 .000 42.4102 42.6525 

ATR2 

ATR1 -13.30467* .05871 .000 -13.4258 -13.1835 
ATR3 25.26267* .05871 .000 25.1415 25.3838 
ATR4 12.66133* .05871 .000 12.5402 12.7825 
ATR5 51.98800* .05871 .000 51.8668 52.1092 
ATR6 29.22667* .05871 .000 29.1055 29.3478 

ATR3 

ATR1 -38.56733* .05871 .000 -38.6885 -38.4462 
ATR2 -25.26267* .05871 .000 -25.3838 -25.1415 
ATR4 -12.60133* .05871 .000 -12.7225 -12.4802 
ATR5 26.72533* .05871 .000 26.6042 26.8465 
ATR6 3.96400* .05871 .000 3.8428 4.0852 

ATR4 

ATR1 -25.96600* .05871 .000 -26.0872 -25.8448 
ATR2 -12.66133* .05871 .000 -12.7825 -12.5402 
ATR3 12.60133* .05871 .000 12.4802 12.7225 
ATR5 39.32667* .05871 .000 39.2055 39.4478 
ATR6 16.56533* .05871 .000 16.4442 16.6865 

ATR5 

ATR1 -65.29267* .05871 .000 -65.4138 -65.1715 
ATR2 -51.98800* .05871 .000 -52.1092 -51.8668 
ATR3 -26.72533* .05871 .000 -26.8465 -26.6042 
ATR4 -39.32667* .05871 .000 -39.4478 -39.2055 

ATR6 -22.76133* .05871 .000 -22.8825 -22.6402 
 

0
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(I) Brand Name (J) Brand Name Mean Difference 
(I-J)

Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound



ATR6 

ATR1 -42.53133* .05871 .000 -42.6525 -42.4102 

ATR2 -29.22667* .05871 .000 -29.3478 -29.1055 

ATR3 -3.96400* .05871 .000 -4.0852 -3.8428 

ATR4 -16.56533* .05871 .000 -16.6865 -16.4442 

ATR5 22.76133* .05871 .000 22.6402 22.8825 

*. The mean difference is significant at the 0.05 level.  
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Assessment of Adequate use of Asthma in 
halational Medication Administration in Children 

in Gondar University Teaching Hospital, 
Northwest Ethiopia 

Belayneh Kefale Gelaw α & Yitayih Kefale Gelaw σ 

Abstract- Introduction: Asthma and other chronic airway 
diseases can be effectively treated by inhaler therapy. Inhaler 
therapy depends on appropriate use of the inhaler. For 
asthma, inhalation therapy is the foundation of treatment. Yet 
all too often, patients do not get the full value of their inhaled 
medications because they use their inhaler incorrectly. The 
objective of this study was to evaluate the knowledge among 
asthmatic children and their parents regarding asthma inhaler 
therapy and appropriateness of its use. 

Method: Cross-sectional study was conducted on assessment 
of adequate use of asthma inhalational medication in children. 

Results:  Sixty one asthmatic children were involved in the 
study with a mean age of 4.67 + 3.69 years; 35 (57.4%) were 
males and 26 (42.6%) were females. Of 61 asthmatic children 
44 (72.1%) were preschool children, 32 (52.5%) asthmatic 
children were living in a number of family 1-5, 28 (45.9%) were 
living in a family number of 5-10 and only 1 (1.6%) lived in a 
family number of >10. Nineteen (31.1%) asthmatic children 
had a family history of asthma. Fifty three (86.9%) asthmatic 
children were not rinsing the mouth after inhaling, 44 (72.1%) 
were not cleaning the device at all, 40 (65.6%) had slow rate of 
breathe through the inhaler and 23 (37.7%) did not shake 
before inhaling. 

Conclusion and Recommendations: There were significant 
mistakes related to inhaler use that are easy to avoid. These 
mistakes were due to the device used, lack of giving 
appropriate instructions, some parents give too much 
responsibility to the child for monitoring and treating their 
asthma. The inhalation device used in our setting should be 
modernized, i.e. spacer with/ without mask. Provide simple 
verbal and written instructions and information on treatment for 
children and their parents and check their understanding 

I. Introduction 
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and airway inflammation. In children it is most commonly 
intermittent, but may be persistent. Asthma affects an 
estimated 300 million people worldwide, causing an 
estimated 250,000 deaths annually (all ages) (1). 

Around 15 million disability adjusted life years 
(DALYs) are lost annually (1). 

The optimal treatment of asthma depends on a 
number of factors, including child's age, severity and 
frequency of asthma attacks. For most children, asthma 
treatment can control symptoms, allowing the child to 
participate fully in activities and sports. Successful 
treatment of asthma involves three components: 

1. Controlling and avoiding asthma triggers 
2. Regularly monitoring asthma symptoms and lung 

function 
3. Understanding how to use medications to treat 

asthma 

Asthma and other chronic airway disease can 
be effectively treated by inhaler therapy (2). Inhaler 
devices come in a variety of types, such as metered 
dose inhalers (MDI) or dry powder inhalers (DPI). 
Irrespective of the type of inhaler device used, the 
outcome of inhaler therapy largely depends on 
appropriate use of inhaler. Appropriate use primarily 
involves the correct inhalation technique. A poor 
inhalation technique reduces drug deposition in the 
lungs (3). Moreover, the more mistakes made in the 
inhalation technique the lower the beneficial effect on 
lung function (4). From adults it is known that 89% of the 
patients make at least one mistake in the inhalation 
technique (5). 

Appropriate inhaler use also involves actual use 
compared with advised regimen of the prescriber. 
Several studies shown that, even with adequate inhaler 
use (between 50 and 80% of prescribed doses), 
compliance with inhalation corticosteroids (ICS) is far 
from perfect (6). When inhaled therapy is used the 
administered therapeutic dose is small as compared 
with other routs of administration and consequently the 
incidence of systemic side effects is very low. This is 
particularly important in the case of ICS treatment 
compared with oral administration; delivery of the drug 
directly to the airways by inhalation has a more rapid 
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a) Background
sthma is the condition of subjects with wide 
spread narrowing of the bronchial airways, which 
changes in severity over short period of time (eit-

her spontaneously or under treatment). Asthma causes 
wheezing, and often cough and breathlessness too, due 
to airway obstruction   with smooth muscle contraction 

A



onset of action which is advantageous when 
bronchodilators are used to treat acute attack of 
bronchoconstriction. Also, inhalation of a beta-2 agonist 
offers marked protection against exercise induced 
asthma which is common in children. In contrast oral 
administration of high doses of the same drug has no or 
a marginally protective effect against this condition (7). 
For this reasons inhalation therapy constitutes the 
cornerstone of asthma management in children of all 
ages. 

More than 100 different inhaler/ drug 
combinations are now available for the treatment of 
asthma. Although such a variety increases the likelihood 
of finding an appropriate inhaler for each individual 
patient, it also increases the complexity of inhaler choice 
for clinicians and it may also reduce the physician's or 
nurse's experience in each individual inhaler. Therefore, 
it may be better for the individual clinician to focus on a 
limited number of inhalers to get better experience with 
the devices used. 

The following three inhalation systems 
constitute the cornerstone of inhalation therapy in 
children with asthma. 
1. Conventional Pressurized metered dose inhaler 

(pMDI). 
2. PMDI with a spacer attached 
3. Dry powder inhaler (DPI) 

These three inhaler systems differ with respect 
to construction, aerosol cloud generation, optimal 
inhalation technique and ease of use. Still, with 
appropriate tuition and training, virtually all pediatric 
patients including children less than one year old can be 
taught effective inhaler use with one of these three 
systems. The precondition for this is accurate 
knowledge about nature and magnitude of the problems 
that children of various age groups experience when 
using these devices correctly (7). 

b) Statement of Problem 
Asthma is a chronic disease and increasing in 

all parts of the globe, especially in children and older 
people. Three hundred million people have asthma 
worldwide (1). 

In Europe vaccination programs, better nutrition, 
and antibiotic treatment have reduced mortality from 
acute respiratory infection while the asthma incidence 
increased at the same time (8). 

According to the International Study of Asthma 
and Allergy in Children (ISAAC) the prevalence of data is 
limited in developing countries. The study conducted 
prevalence data in seven African countries and found 
out that Ethiopia 9.1%, Kenya 15.8%, Nigeria 13%, 
South Africa 20.3%, Algeria 8.7%, Morocco 10.4% and 
Tunisia 11.9%) (9). 

For asthma, inhalation therapy is the foundation 
of treatment. Yet all too often, patients do not get the full 
value of their inhaled medications because they use 

their inhaler incorrectly. Faulty inhaler technique is the 
major problem in public health (4). 

Most asthmatic children and their caregivers do 
not give stress the importance of exhaling gently; for a 
few second before inhaling (deeply and slowly for MDI, 
deeply and rapidly for most DPI) (10). 

Forgetting to exhale before inhaling is a 
common and significant mistake regardless of the type 
of the device. For MDI users, poor timing described 
earlier is another common and serious mistake (11). 

c) Significance of the Study 
Asthma is one of the most common diseases in 

children in the world at large and in Ethiopia. But, little is 
known about the current situation regarding the 
appropriate use of inhalers by children in Ethiopia. 
Children are more prone to use inhalation devices 
incorrectly if they are not monitored closely to use 
correctly. Pressurized MDI with and without a spacer 
were more prone to errors compared with DPIs, children 
prescribed a new device were more prone to usage 
errors. Many asthmatic children use their inhaler devices 
too poorly to result in reliable drug delivery, even after 
inhalation instruction. Comprehensive inhalation 
instruction and repeated check-up are needed to assure 
reliable inhalation technique. 

This study will assess the inhalation technique 
in children and it helps to give clue for the inhalation 
technique. And for the other researchers to study the 
problems of inhalation technique in children. In addition, 
it will initiate Gondar University Hospital as well as the 
country as a whole to give priority attention of adequate 
use of asthma inhalation medications. 

II. Objectives 

a) General Objective 
 To assess the knowledge of asthmatic children and 

their parents regarding asthma inhaler therapy and 
appropriateness of its use in Gondar University 
Teaching Hospital 

b) Specific Objectives 
 To identify the most common problems experienced 

by various age groups of children in using their 
inhalers correctly 

 To evaluate the knowledge of asthmatic children 
and their parents/guardians towards their inhalation 
technique 

 To evaluate the correct use of inhalational 
medications in children 

III. Methods and Materials 

a) Study Area and Period 

The study was conducted in Gondar University 
Teaching Hospital in pediatrics ward and pediatrics 
chronic illness outpatient department, Amhara region, 
Northwest Ethiopia which is 738 km from Addis Ababa. 
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The study was conducted from October 15 to May 20, 
2013. 
b) Study Design 

A cross- sectional study was conducted on 
adequate use of asthma inhalation medication in 
children in Gondar University Teaching Hospital. 
c) Population 
i. Source of Population 

All asthmatic children attending Gondar 
University Teaching Hospital. 

ii. Study Population 
All asthmatic children aged 0- 14 years who had 

been prescribed inhalation medication attending 
Gondar University Teaching Hospital. 
 Inclusion Criteria 
 Patients who started asthma inhalational 

medication 
 Patients whose age is 0-14 years 

 Exclusion Criteria 
 Patients who did not start inhalational medication 
 Patients whose age is > 14 years 
 Patients who are involuntary to participate 

d) Study Variables 
 Independent variables 
 sex 
 age 
 educational level 
 religion 

 Dependent variables 
 Practice 
 Knowledge 

e) Sampling Technique and Sample Size 
Convenience sampling technique was used to 

select 61 asthmatic children from out of the total 70 
asthmatic children who were expected at the pediatric 
department of university of Gondar teaching hospital. 

f) Data Collection Procedure 
Data was collected by interview guide 

composed of closed and open ended questions and a 
questionnaire was prepared to gather the necessary 
information from respondents. Data was collected by a 
data collector (health professional). 

g) Data Analysis 
All data collected by questionnaire was checked 

for the completeness and fulfillment daily. The data was 
processed by SPSS and analysis was done using 
descriptive and analytical method (binary logistic 
regression), the result was presented by tables and the 
necessary conclusion was made. 

h) Ethical Considerations 

Before starting to collect data for the study we 
obtained formal letter from Gondar University Research 

Office, permission letter from school of pharmacy, 
department of clinical pharmacy and willingness from 
pediatrics department. Representation sample was 
taken and kept free from any bias. Confidentiality, 
neutrality, accountability and academic honesty was 
maintained throughout the study. 
i) Dissemination Plan 

The final report of this study will be given to the 
concerned bodies (School of Pharmacy, pediatrics 
department, CEO of Gondar University Teaching 
Hospital, regional health bureau, etc) through seminar 
presentation, provision of hard copy, and other means. 
j) Operational Definitions 
Metered dose inhaler - is a device that delivers a specific 
amount of medication to the lungs, in the form of a short 
burst aerosolized medicine that is inhaled by a patient. 
Dry Powder Inhalers - are inhalers that deliver 
medication in a dry powder form. 
Spacer - is an add–on device used to increase the ease 
of administering aerosolized medication from a MDI. In 
this study called ‘traditional plastic bottle.’ 
Mask - is a device used to deliver medications which is 
attached to a spacer that goes over the child’s mouth 
and nose. 
Intermittent - is the mildest form of asthma which occurs 
sporadically. Example: symptoms � � GD\V SHU ZHHN.  
Pediatrics department- is part of the University of Gondar 
teaching hospital which includes the pediatric outpatient 
department and pediatric wards. 
Persistent - another type of asthma which classified in to 
three and occurs repeatedly. 

a) Mild persistent- symptoms occur > 2 days per 
week. 

b) Moderate persistent- symptoms occur daily. 
c) Sever persistent- symptoms occur throughout the 

day. 
Triggers - are factors those set-off/worsen asthma 
symptoms. 
Breathing rate - a speed at which the children breathe in 
through the spacer. 

a) Fast- breathing within < 2 sec. 
b) Normal- breathing between 2-5 sec. 
c) Slow- breathing > 5 sec. 

IV. Results 
Of 61 asthmatic children who took inhalational 

medications, 35 (57.4%) males and 26 (42.6%) females 
were included in the study with the mean age of 4.67 

 3.69 years. Among 61 asthmatic children 44 (72.1%) 
were preschool children. Thirty two (52.5%) asthmatic 
children live in a family member of 1-5, 28 (45.9%) live in 
a family member of 5-10, and only 1 (1.6%) lives in a 
family member of > 10. Nineteen (31.1%) asthmatic 
children had a family history of asthma (Table 1).
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 Table 1:

 

Socio Demographic Characteristics of Asthmatic Children, Pediatrics Department, Gondar University 
Teaching Hospital, October-May, 2013.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most frequently noticed errors during 
inhalational medications in asthmatic children were: not 
rinsing the mouth after inhaling 53 (86.9%), not cleaning 

the plastic bottle at all 44 (72.1%), the rate of breathing 
through the inhaler was slow 40 (65.6%), not to shake 
before use 23 (37.7%) (Table 2).

 

 

 

 

 

 

 

 

 

 

                                                    
Age

Frequency (%)
< 1 year 12 (19.7%)
1-5 years 31 (50.8%)
5-10 years 10 (16.4%)
10-14 years 8 (13.1%)

Sex Male 35 (57.4%)
Female 26 (42.6%)

Religion Orthodox 48 (78.7%)
Muslim 11 (18%)
Protestant 2 (3.3%)

Occupation Student 17 (27.9%)
Preschool 44 (72.1%)

No of family in a house 1-5 32 (52.5%)
5-10 28 (45.9%)
>10 1 (1.6%)

Family history of Asthma Yes 19 (31.1%
No 42 (68.9%)

Shake before use Frequency (%)
Yes 38 (62.3%)
No 23(37.7%)

Mask placed Mouth 18 (29.5%)
Nose 2 (3.3%)
Both 41 (67.2%)

Mask fit well with face Yes 41 (67.2%)
No 20 (32.8%)

Dose at a time 2-5 puff 32 (52.5%)
6-9 puff 29 (47.5%)

Rate of breathing during 
inhalation

Fast 2 (3.3%)
Normal 19 (31.1%)
Slow 40 (65.6%)

Pattern of breathing during 
multiple dosing

Bring all doses in spacer and 
start breathe

3 (4.9%)

Bring one dose in the spacer 
and start breathe, then bring 
the other

58 (95.1%)

Table 2 : Appropriateness of Inhalational Medications Use of Asthmatic Children, Pediatrics Department, Gondar 
University Teaching Hospital, October-May, 2013.

Rinse the mouth after 
inhaling

Yes 8 (13.1%)
No 53 (86.9%)
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Cleaning the plastic bottle Not clean 44 (72.1%)
By soft 10 (16.4%)
Changing 7 (11.5%)
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Of 61 asthmatic children 57 (93.4%) got 
instructions from GPs, 56 (91.8%) assessed the

 

remaining dose by spraying into the air, 46 (75.4%) 
inhalation technique was checked during follow up 

appointment, 45 (73.8%) of asthmatic children inhaler 
use was decided by their parents. Most (51 (83.6%)) 
asthmatic children and their parents did not read leaflet 
(Table 3).

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 : Assessing the Knowledge and Practice of Asthmatic Children on Inhalational Medications Use, Pediatrics 
Department, Gondar University Teaching Hospital, October-May, 2013.

Gives instructions Frequency (%)
GP 57 (93.4%)
Nurse 4 (6.6%)

Inhalation technique 
checked during follow up 
appointment

Yes 46 (75.4%)
No 15 (24.6%)

Read leaflet Yes 10 (16.4%)
No 51 (83.6%)

Assessing remaining dose Spraying into the air 56 (91.8%)
Don’t know 5 (8.2%)

When inhaler use Daily 19 (31.1%)
As needed 42 (68.9%)

decides inhaler use Parent 45 (73.8%)
Child 16 (26.2%)

Of 61 asthmatic children 12 (19.7%) were less 
than 1 year. Among these 4 (33.3%) were shaking 
before use and 8 (66.7%) were not shaking before use. 
Of 61 asthmatic children 8 (13.1%) were age 10-14 
years, among these 7 (87.5%) were shaking before use 
and 1(12.5%) were not shaking before use. Other 

independent variables did not have statistically 
significant association with dependent variables. The 
likelihood of shaking inhalational medications before use 
was 14 times more in 10-14 years of age than that of <1 
year age (Table 4).

Table 4 : Association Between Age and Shaking Before Use in Asthmatic Children, Pediatrics Department, Gondar 
University Teaching Hospital, October-May, 2013.

                                                                                                          

P-value= 0.032; *- reference

Age Frequency 
(%)

Odds 
ratio

p-value Shake before use
Yes No

< 1 year 12 (19.7%) 14 0.032 4 (33.3%) 8 (66.7%)
1-5 years 31 (50.8%) 3.85 0.234 20 (64.5%) 11 (35.5%)
5-10 years 10 (16.4%) 3 0.388 7 (70%) 3 (30%)
10-14 years* 8 (13.1%) 0.14 0.69 7 (87.5%) 1 (12.5%)
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V. Discussion

The aim of the study was to summarize the 
most common problems experienced by various age 
groups of asthmatic children in using their inhalers 
correctly and to assess the knowledge of asthmatic 
children and their parents towards their inhalation 
technique.

Inhaler therapy is very important if we use 
appropriately. A variety of mistakes concerning therapy 
adherence, the inhalation technique and mistakes in the 
handling of devices were made by Gondar University 
Teaching Hospital asthmatic children. When we 
compared with the other countries like Dutch children, 

the mistakes were different. The most significant 
mistakes in this hospital during the use of inhalation 
were: not rinsing the mouth after inhaling (86.9%), not 
cleaning the plastic bottle (72.1%), slow rate of 
breathing through the inhaler (65.6%), not shaking 
before use (37.7%) but in Dutch children “when I need 
two doses, I can activate the inhaler (MDI) twice before 
starting to inhale through the spacer (43%) and not 
shaking before use (20%) were the most frequently 
noticed mistakes (12).

The most frequently noticed inhalational 
problems by various age groups of asthmatic children: 
slow rate of breathe through the inhaler was the most 
frequent problem in our study (65.6%). When we 
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compare with a study in Thailand asthmatic children 
also shows that slow breathing after activation of MDI 
was the major problem (40.5%), which is the same 
problem but higher in our study (13).

 

The device used to take the medication was 
plastic bottle which is traditional (not used by other 
countries). This makes the children not to improve within 
short period of time. Because the dose was not taken 
fully as a result of the plastic bottle not fit well with the 
face in addition to their incorrect technique. So, the 
modern device which is used by other countries must 
replace this plastic bottle so as to get the correct 
prescribed full dose and improved within short period of 
time. Children with the same severity of disease and 
take the same dose might not get relief from symptoms 
at the same time, due to the difference of device used.

 

Cleaning the plastic bottle was very important 
but in this study, most (44 (72.1%)) were not cleaning it, 
even they did not know the plastic bottle is to be 
cleaned. Actually there were children who know how to 
clean: some 10 (16.4%) children clean the plastic bottles 
by soft

 

which was

 

incorrect and the other 7 (11.5%) have 
changed the plastic bottle totally so as to get clean 
plastic bottle. But a study in Dutch children, the method 
of cleaning the inhaler was soaping inhaler, dry in air 
which is the correct method of cleaning (49%), but 10% 
were not cleaning at all (12).

 

Shaking before use is mandatory to take the 
medication but there were significant numbers of 
asthmatic children 23 (37.7%) who did not shake before 
use due to forgetting and not aware the importance of 
shaking. This mistake also was frequently made by 
other countries like Dutch children (20%) (4).

 

Knowing the correct route of taking the 
inhalational medication is very crucial for asthmatic 
children to get the required therapeutic effect of the drug 
but there were children 2 (3.3%) who took the 
medication by nose which is not effective. Taking the 
inhalational medication by mouth is the appropriate 
route. If the children whose age is < 5 years, they can 
use both nose and mouth.

 

Decision concerning with the inhaler use, the 
involvement of parents with clear and simple instructions 
were important when and how to use because most 43 
(70%) asthmatic children were less than 5 years of age.

 

In this study 56 (91.8%) of participants were 
assessing the remaining doses by spraying into the air 
but the other 5 (8.2%) did not know how to assess the 
remaining dose. Spraying into the air is incorrect 
method of assessing remaining dose, but spraying into 
the dark background is the correct method of assessing 
remaining dose. A study in Dutch children the method of 
assessing the remaining doses were spraying against 
dark background (9%), if inhaler floats in water, it is 
empty (4%), counting the remaining doses using 
agenda (7%) and looking on counter (7%) which were 
correct method of assessing and the others spraying in 

the air (28%), feeling inhaler weight while shaking (20%), 
listening to inhaler while shaking (9%), not assessing at 
all (14%) and if inhaler sink in water, it is empty (2%) 
were incorrect methods (6). There is significant 
association between age and shaking before use                 
(p= 0.032). This shows that the age group of 10-14 
years had good practice of shaking before use as 
compared to <1 years of age. This might be because of 
the age groups of 10-14 years were matured enough to 
accept the instructions told by health professionals and 
parents were forgetting the instructions told by health 
professionals because they were responsible for many 
activities in the house.

 

VI.

 

Limitations

 

of

 

the

 

Study

 



 

This Study had Potential Limitations

 



 

Absence of asthmatic children during their follow up 
appointment which was not included during our 
data collection period. So, we did not include all 
patients.

 



 

Some

 

parents were not voluntary to respond for our 
questionnaire

 



 

As the study was cross-sectional interview based, 
there might be recall bias in the study subjects side.
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VII. Conclusion

There were significant mistakes/errors related to 
inhaler use that are easy to avoid. These mistakes were 
due to different factors like the device used, lack of 
giving appropriate instructions and parents give too 
much responsibility to the child for monitoring and 
treating their asthma. These lead to inadequate use of 
inhalational medications. Selecting the right inhalational 
device in University of Gondar Teaching Hospital, 
pediatric department is crucial because their technique 
was incorrect, they would not get the benefit from the 
drug. This must be checked by the doctors, nurses or 
pharmacists.

VIII. Recommendations

 The inhalation device used in Gondar University 
Teaching Hospital should be modernized, i.e. 
spacer with/ without mask.

 The device also should be based on age in order to 
fit with the face.

 Parents should be involved during the use of inhaler 
devices with clear and simple instructions by health 
professionals.

 Teach patients and their parents when and how to 
use asthma medications and observe the patients 
inhaler technique regularly.

 Provide simple verbal and written instructions and 
information on treatment for children and their 
parents and check their understandings.

 If there is misunderstandings and bad experience, 
clarify for them.
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New Process Based on the Coupling of an Electrochemical 
Sensor and Bioanalytical Column for Determining Antioxidant 
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Abstract - A new approach, for antioxidant capacity determination was proposed. It is based on 
the using of the xanthine-xanthine oxidase system coupled with H2O2 electrochemical sensor. 
The paper presents the preparation and characterization of the H2O2 amperometric sensor and 
its utilization for antioxidant evaluation of some real samples (Garlic, tea and coffee). The 
obtained results were found in good correlation with reality. 
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New Process Based on the Coupling of an 
Electrochemical Sensor and Bioanalytical 

Column for Determining Antioxidant Capacity
Ngono Thérèse Rosie Lauriane α, Rachida Najih σ & Abdelilah Chtaini ρ 

Abstract- A new approach, for antioxidant capacity 
determination was proposed. It is based on the using of the 
xanthine-xanthine oxidase system coupled with H2O2

electrochemical sensor. The paper presents the preparation 
and characterization of the H2O2 amperometric sensor and its 
utilization for antioxidant evaluation of some real samples 
(Garlic, tea and coffee). The obtained results were found in 
good correlation with reality. 
Keywords: voltammetry; antioxidant capacity; xanthine; 
xantine oxidase. 

I. Introduction 

ntioxidant can be defined as substances that 
inhibit the oxidation of the other molecules. 
Reactive oxygen species (ROS), naturally 

generated during the metabolism, can damage 
biological structures such as proteins, lipids or DNA. 
Normally, cells defend themselves against ROS damage 
with enzymes, but sometimes the natural defenses are 
overwhelmed by an excessive generation of ROS and a 
situation of oxidative stress occurs. In this case, cellular 
and extracellular macromolecules (proteins, lipids, and 
nucleic acids) can suffer oxidative damage, causing 
tissue injury [1, 2]. 

Antioxidant compounds in food are found to 
have a health protecting factor. Primary sources of 
naturally occurring antioxidants are whole grains, fruits 
and vegetables. 

Garlic (Allium sativum) is an herb. It is best 
known as a flavoring for food [15]. But over the years, 
garlic has been used as a medicine to prevent or treat a 
wide range of diseases and conditions. The fresh clove 
or supplements made from the clove are used for 
medicine [16]. Garlic is used for many conditions related 
to the heart and blood system. These conditions include 
high blood pressure, high cholesterol, and coronary 
heart disease, heart attack, and “hardening of the 
arteries” (atherosclerosis) [17]. Some of these uses are 
supported by science. Garlic actually may be effective in 
slowing the development of atherosclerosis and seems 
to be able to modestly reduce blood pressure. 

Some people use garlic to prevent colon 
cancer,  rectal  cancer,  stomach cancer, breast cancer, 
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Inorganiques, Université Sultan Moulay Slimane, Faculté des Sciences 
et Techniques de Beni Mellal, Maroc. e-mail: a.chtaini@usms.ma  

prostate cancer, and lung cancer. It is also used to treat 
prostate cancer and bladder cancer. Garlic has been 
tried for treating an enlarged prostate (benign prostatic 
hyperplasia; BPH), diabetes, osteoarthritis, hayfever 
(allergic rhinitis), traveler's diarrhea, high blood pressure 
late in pregnancy (pre-eclampsia), cold and flu. It is also 
used for building the immune system, preventing tick 
bites, and preventing and treating bacterial and fungal 
infections. Other uses include treatment of fever, 
coughs, headache, stomach ache, sinus congestion, 
gout, rheumatism, hemorrhoids, asthma, bronchitis, 
shortness of breath, low blood pressure, low blood 
sugar, high blood sugar, and snakebites. It is also used 
for fighting stress and fatigue, and maintaining healthy 
liver function. Some people apply garlic oil to their skin 
to treat fungal infections, warts, and corns. There is 
some evidence supporting the topical use of garlic for 
fungal infections like ringworm, jock itch, and athlete’s 
foot; but the effectiveness of garlic against warts and 
corns is still uncertain. There is a lot of variation among 
garlic products sold for medicinal purposes. The 
amount of allicin, the active ingredient and the source of 
garlic’s distinctive odor, depends on the method of 
preparation. Allicin is unstable, and changes into a 
different chemical rather quickly. Some manufacturers 
take advantage of this by aging garlic to make it 
odorless. Unfortunately, this also reduces the amount of 
allicin and compromises the effectiveness of the 
product. Some odorless garlic preparations and 
products may contain very little, if any, allicin [18, 19].  

Several amperometric biosensors have already 
been proposed for antioxidant capacity evaluation       
[3-14]. Most of them are based on the amperometric 
detection of H2O2, resulting from the catalyzed 
dismutation of superoxide radicals (O2

-.) in presence of 
superoxide dismutase. 

In this work, electrochemical deposition of 
copper on paste carbon electrode is carried out to 
develop stable recognition layers for the voltammetric 
detection of antioxidant capacity of domestic garlic, tea 
and coffee samples.  

The antioxidant capacity was evaluated, by 
coupling an amperometric sensor for H2O2 detection, 
obtained by modification of paste carbon graphite 
electrode with copper, with xanthine oxidase (XOD) 
immobilized at silice – xanthine (XA) enzymatic system, 
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as generator of O2-. radicals. The advantages of this 
strategy consist to: 
• It works at low applied potential, allowing a 

significant decrease of the risk of electrochemical 
interferences; 

• The antioxidant capacity evaluation, requiring the 
monitoring of H2O2 concentration in presence of 
antioxidant sample as well as in its absence, will 
enhance global estimation of free radicals (O2-.) or 
no radical reactive species, (H2O2) (Reaction 1). 

Reaction 1

II. Experimental Section 

a) Apparatus 
Electrochemical experiments were performed 

using a voltalab potentiostat (model PGSTAT 100, Eco 
Chemie B. V., Utrecht, The Netherlands) driven by the 
general purpose electrochemical systems data 
processing software (voltalab master 4 software).  

All the electrochemical experiments were 
performed in a standard one-compartment three-
electrode cell. The reference electrode was SCE and the 
counter electrode was platinum. All electrode potentials 
were referred to this reference electrode. The working 
electrode was copper modified carbon paste electrode 
(Cu-CPE). 

b) Reagents and Solutions 
All chemicals were of the highest quality. 

Graphite powder (spectroscopic grade RWB, 
Ringsdorff-Werke GmbH, Bonn-Bad Godesberg, 
Germany) was obtained from Aldrich and was used 
without further purification. CuSO4 was obtained from 
Merck chemicals. Deionised water was used to prepare 
all solution. 

c) Preparation of the Electrochemical Sensor 
The carbon paste unmodified was prepared by 

adding paraffin oil to carbon powder and thoroughly 
hand –mixing in a mortar and pestle. The resulting paste 
was packed into the electrode and the surface was 
smoothed. The electrochemical sensor was developed 
by depositing the copper at fixed potential (0.1 V for 1 
hour) onto the carbon paste electrode surface.  

d) Procedure 
The device constructed for the measurement of 

the antioxidant capacity is given in Figure 1. The free 
radical was generated in column following the reaction 
1, a calibration curve; giving current density of H2O2 
reduction versus [H2O2] is recorded. In the second test, 
the investigated antioxidant associated to xanthine 
solution, were pouring in column and electrochemical 
response behaviour was recorded, the [H2O2] no 
consumed was evaluated from calibration curve already 
established. 

 
 

Figure 1 : Scheme of the Device Constructed for the Measurement Antioxidant Capacity. 
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III. Results and Discussion 
a) Characterization of Prepared  Electrode

 
The cyclic voltammograms (CVs) of the copper 

modified carbon paste electrode (Cu-CPE) and carbon 
paste

 
electrode (CPE) were recorded in the supporting 

electrolyte (phosphate buffer solution) (Fig. 2).
 

We can see that the shape of the cyclic 
voltammogram was modified in the presence of copper 

at CPE surface, suggesting that the carbon paste 
electrode was effectively modified by copper. The 
surface structure of copper modified carbon paste 
surface was observed using scanning electron 
microscopy (Fig. 3). The film layer of copper was formed 
on the surface of carbon paste electrode; it was not 
disintegrated or detached from the surface when 
immersed in the buffer solution.

 

Figure 2 : Cyclic voltammograms recorded in buffer solution at 100 mV/s, at a- carbon paste electrode, b- copper 
modified carbon paste electrode.

 

Figure 3 :
 
Scanning Electron Micrograph of Cu-CPE.

 

b)
 

Calibration Graph
 

The detection of H2O2, generated in the silica 
column, was examined by square wave voltammetry, in 
the electrochemical sensor. The electrode response was 
tested for different amounts of H2O2, in the range from 
1µL/100mL (buffer tampon solution) to 100 µ 

L/100mL 
(buffer tampon solution). Figure 4 shows some typical 
square wave voltammetry curves recorded at Cu-CPE 
electrode. A calibration graph was then constructed 
from the observed peak currents. The square wave 
voltammetric response was almost linear dependent on 
the concentration of H2O2

 
(Fig. 5). The linear regression 

analysis gave:
 

ip
 
= -0.042[H2O2] +-

 
20.59

 

with a correlation coefficient of 0.9498
 

c) Antioxidant Capacity Determination 
i. Garlic juice 

After drawing the calibration curve relative to a 
reduction of H2O2, we introduced into the silica column a 
solution containing xanthine and the antioxidant 
considered. 

 
Figure 4 : Square Wave Voltammograms of H2O2, in 

Buffer Tampon Solution Ph ≈ 7.4 At Cu-CPE, Scan Rate 
50 Mv/S. 
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Figure 5 : Calibration Graph 

 
Figure 6 : Garlic Calibration Graph 

Figure 6 shows the garlic juice calibration plots. 
As can be seen, the garlic oxidation current density 
increases with concentration. The addition of garlic juice 
to xanthine solution caused a decrease in H2O2 
reduction current signal (Fig. 7). We can conclude that 
garlic inhibited the reductive effect of H2O2. 

ii. Antioxidant Capacity of Tea 
The developed system was also applied to the 

determination of the antioxidant capacity of tea. Figure 8 
shows the evolution of the oxidation current density of 
tea with concentration, the peak current have a linear 
relationship with concentration. For constant concen- 
tration of H2O2, the dependence of square wave 
voltammetric peak current on the addition of tea in silica 
column was studied (Fig. 9). The reduction peak of H2O2 
decreases in presence of tea. 

iii. Antioxidant Capacity of Coffee 
The working procedure consisted in adding 

xanthine and coffee to a column containing xanthine 
oxidase immobilized onto silica. The presence of coffee 
will induce a decrease of H2O2 concentration, resulting in 
a decrease of the H2O2 electrochemical sensor 
(currentdensity). Figure 10 shows evolution of the H2O2 
reduction current density with concentration of coffee. 

 
Figure 7 : Evolution of the H2O2 Reduction Current 

Density with Concentration of Garlic. 

 
Figure 8 : Calibration Curve for Tea at Cu-CPE in Buffer 

Solution. 

 

Figure 9 : Square Wave Voltammograms Recorded at 
Cu-CPE in Buffer Solution. 

 

Figure 10 : Inhibition of the H2O2 Reduction by the 
Coffee 
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The corresponding antioxidant capacity values, 
was calculated using the relation: 

 
Where IH2O2, is the current density due to H2O2 

reduction and IH2O2-antioxidant sample represent the current 
density due to antioxidant sample addition. The results 
are summarized in Table 1. 

Table. 1 

 
IV. Conclusion 

A bioanalytical system for the evaluation of the 
antioxidant capacity has been developed. The main 
advantage of the new approach is based on coupling 
the production of radicals, generated by the xanthine-
xanthine oxidase enzymatic system, with the 
electrochemicale sensor, for H2O2 detection. The 
immobilization of xanthine oxidase (XOD) on the silica 
increased the sensitivity of the system in comparison 
with those where the XOD remained in solution. The 
results obtained show that the proposed system is fast, 
sensitive and better suited than conventional methods. 
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We shall provide you intimation regarding launching of e-version of journal of your stream time to 
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it 
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly 
functioning successfully for one year, we can consider giving recognition to your 
institute to function as Regional/Zonal office on our behalf.
The board can also take up the additional allied activities for betterment after our 
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual 
Fellow may use the designations as applicable, or the corresponding initials. The 
Credentials of individual Fellow and Associate designations signify that the individual 
has gained knowledge of the fundamental concepts. One is magnanimous and 
proficient in an expertise course covering the professional code of conduct, and 
follows recognized standards of practice.

Open Association of Research Society (US)/ Global Journals Incorporation (USA), as 
described in Corporate Statements, are educational, research publishing and 
professional membership organizations. Achieving our individual Fellow or Associate 
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 
Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be 
passed on to researcher, 15 % benefit towards remuneration should be given to a 
reviewer and remaining 5% is to be retained by the institution.

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our 
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© Copyright by Global Journals Inc.(US)| Guidelines Handbook

                   

Other:

The individual Fellow and Associate designations accredited by Open Association of Research 
Society (US) credentials signify guarantees following achievements:

 The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame, 
honor, regular flow of income, secured bright future, social status etc.

VI



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Note :

″

″

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

 In addition to above, if one is single author, then entitled to 40% discount on publishing 
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authors.

 The Fellow can organize symposium/seminar/conference on behalf of Global Journals 
Incorporation (USA) and he/she can also attend the same organized by other institutes on 
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Process of submission of Research Paper     
  

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

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

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

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

      (II) Choose corresponding Journal. 

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

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

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

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

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

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

Scope 

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

2. ETHICAL GUIDELINES 

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

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected. 

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

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

3. SUBMISSION OF MANUSCRIPTS 

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

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

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

4. MANUSCRIPT’S CATEGORY 

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

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

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

Research articles: These are handled with small investigation and applications 

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

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

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

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

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

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

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

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

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

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

(h) Brief Acknowledgements. 

(i) References in the proper form. 

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

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

 Format 

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

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

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

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

Structure 

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

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

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

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

Key Words 

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

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

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

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

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

• One should avoid outdated words. 

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

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

Acknowledgements: Please make these as concise as possible. 

 References 

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

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

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

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

 Tables, Figures and Figure Legends 

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

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

 Preparation of Electronic Figures for Publication 

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

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

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

6. AFTER ACCEPTANCE 

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

 6.1 Proof Corrections 

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

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

(Free of charge) from the following website: 

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

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

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

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

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

 6.3 Author Services 

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

 6.4 Author Material Archive Policy 

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

 6.5 Offprint and Extra Copies 

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

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

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

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

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

 

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

 

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

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

 

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

 

 

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

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

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

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

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

 

 

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

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

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

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

 

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

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

 

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

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

 

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

 

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

 

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

 

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

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

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

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

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

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

 

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

 

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

 

Key points to remember:  

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

Final Points:  

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

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

 

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

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

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

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

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

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

In every sections of your document 

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

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

 

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

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

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

 

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

 

Title Page: 

 

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

 
 

 

 

 

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

General style: 

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

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

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

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

 
Approach: 

Single section, and succinct

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

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

Introduction:  

 

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

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

 Approach: 

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

 

least of four paragraphs. 

 

 

Abstract: 

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

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

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

 

Materials: 

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

Methods:  

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

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

Approach:  

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

What to keep away from 

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

Results: 

 
 

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

 

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

 

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

Procedures (Methods and Materials): 

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

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

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

Discussion: 

 

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

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

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 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. 

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

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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amperometric
 
· 56, 57

 

B
 

bronchoconstriction
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C
 

chromatographic
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 coagulopathy
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 Cytotoxic
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 envenomations
 
· 27

 Epifluorescent
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F
 

Fumonisin
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H

 

hemodialysis

 

· 27, 30

 

Hyperlipidemia

 

· 43

 

hypersecretion

 

· 34, 41

 

I

 

immunosuppression

 

· 5, 17

 

L

 

lymphoblastogenesis

 

· 17

 

lymphocytes

 

· 5, 13, 16, 17, 21

 

P

 

proliferation

 

· 13, 14, 21

 

propylparaben

 

· 35, 36, 37

 

S

 

Spectrophotometric

 

· 42, 43, 44, 45, 46

 

T

 

thiazoltetrazolium

 

· 1, 3, 13, 21

 

thromboplastin
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V
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