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Drug Monitoring and Toxicology: Quantification
of Antifungal Drug Voriconazole in Human
Plasma and Serum by High-Performance Liquid
Chromatography with Fluorescence Detection

Dr. Peter H. Tang

Abstract- This paper describes a simple and rapid high-
performance liquid chromatographic (HPLC) method with
fluorescence detection (FL) for the determination of
voriconazole concentration in human plasma and serum.
Ketoconazole is selected as the internal standard. Acetonitrile
alone is used to precipitate protein and extract voriconazole
and ketoconazole in human plasma and serum using a single
dilution step procedure. Following protein precipitation and
extraction, voriconazole and ketoconazole in the extract are
quantitated by injecting directly onto the HPLC system. Limit of
quantitation and linearity (0.1-10 «g/mL) of the method
adequately cover the therapeutic range for appropriate drug
monitoring. This method has shown some essential
improvements such as allowing a small portion of the extract
to be analyzed (10 «L) and completing an isocratic
chromatography in <7 min per injection when compared to
most published HPLC/FL and HPLC/UV methods. This
method would be of interest to analytical and clinical
laboratories equipped with the HPLC/FL systems because it
employs simple, rapid, and cost-effective procedures without
time-consuming  solvent  evaporation and  residual
reconstitution.

Keywords: antifungal drug, voriconazole, ketoconazole,
HPLC, fluorescence.

[. INTRODUCTION

oriconazole (2R,3S-2-(2,4-difluorophenyl)-3-(5-
V fluoropyrimidin-4-yl)-1-(1H-1,2,4-triazol-1-yl)butan-

2-ol) (Figure 1) is a triazole antifungal drug that is
generally used to treat invasive fungal infections
including invasive aspergillosis, invasive candidiasis,
fusariosis, scedosporiosis, and severe fungal corneal
infections. Voriconazole exhibits its antifungal activity by
inhibiting fungal cytochrome P450-dependent 14a-sterol
demethylase (1), an enzyme responsible for ergosterol
biosynthesis, which leads to disruptions of the structure
and function of the fungal cell membrane.

Author: Departments of Pediatrics, Pathology and Laboratory Medicine
Cincinnati Children’s Hospital Medical Center University of Cincinnati
College of Medicine 3333 Burnet Avenue Cincinnati, Ohio 45229-3039
U.S.A. e-mail: peter.tang@cchmc.org

Figure 1. Chemical structure of voriconazole

Voriconazole is metabolized primarily by hepatic
cytochrome P450 isoenzyme 2C19 (2), where CYP2C19
contributes largely to pharmacokinetic variability. This
drug appears to display non-linear pharmacokinetics,
most likely due to saturation of metabolism (3). Many
patient factors such as body weight, age, sex, food,
drug interactions, and hepatic disease state affect
voriconazole plasma or serum concentrations, which
leads to significant variability (4-11). In virtue of wide
variability ~ of  voriconazole plasma or serum
concentrations within and between patients, the use of
therapeutic drug monitoring is strongly recommended.
Determination of voriconazole concentration in plasma
or serum is a most useful way for adjusting antifungal
drug dosage, individualizing and improving the
treatment regimen, and resulting in better efficacy and
minimal side effects.

Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) has been the most powerful
technique used for the determination of voriconazole
concentration. LC-MS/MS or LC-MS methods require
small sample sizes (12-17) and are superior in sensitivity
and specificity. However, the purchase, maintenance,
and running costs of LC-MS/MS and LC-MS are high. In
contrast, high-performance liquid chromatography
(HPLC) methods with fluorescence (FL) or ultraviolet
(UV) detection (18-26) allow cost-effective operations
and appropriate sensitivities for clinically relevant drug
concentrations (1-5.5 ug/mL). A validated HPLC/UV
method (26) has been previously developed at the
Cincinnati  Children’s  Hospital Medical Center
(Cincinnati, OH) and used routinely for measuring
voriconazole concentration in human plasma and

© 2017 Global Journals Inc. (US)
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serum. The validated HPLC/UV method has provided
satisfactory service for therapeutic drug monitoring of
voriconazole in patients. To meet increasing demands of
drug monitoring and challenges from combination of
antifungal therapy, an accurate and sensitive
fluorescence detection for the determination of
voriconazole concentration in human plasma or serum
has come to the forefront. The development of an
alternative assay is particularly critical to therapeutic
drug monitoring of voriconazole, which accurately
monitors plasma or serum drug concentrations in real
time and allows more flexibility in managing test
schedules and better turnaround time. In this paper, a
new HPLC/FL method for the determination of
voriconazole concentration in human plasma and serum
is described.

[I. EXPERIMENTAL

Chemicals and reagents: Voriconazole (analytical
standard grade), ketoconazole  (pharmaceutical
secondary standard grade), trichloroacetic acid (TCA),
trifluoroacetic acid (TFA), zinc sulfate heptahydrate and
ammonium acetate were obtained from Sigma (St.
Louis, MO). HPLC-grade acetone, acetonitrile, ethanol,
methanol and n-propanol were purchased from Fisher

Drug Monitoring Control was from Bio-Rad (Hercules,
CA).

Patient plasma or serum samples used for this
study were de-identified and approved by the IRB.
Normal pooled human plasma or serum (analyte-free)
were used as blank. Ammonium acetate solution (0.1 M)
was prepared by dissolving 7.7 g ammonium acetate in
a 1000 mL deionized water. The mobile phase consisted
of 0.1 M ammonium acetate solution, acetonitrile and
TFA (409:590:1, ViV/V).

Instrumentation:  Automated Hitachi  Chromaster™
system (Tarrytown, NY) was equipped with Model 5110
quaternary pump, Model 5210 autosampler, Model 5310
column oven and Model 5440 FL detector. The
EZChrom Elite® software was used for monitoring output
signal and processing result. The analytical column was
a 250-mm x 4.6-mm ODS HYPERSIL column (Thermo
Scientific, Sunnyvale, CA) with 5-um spherical particles
connected to a Security Guard (Phenomenex, Torrance,
CA) equipped with C18 cartridge (4-mm x 3-mm).
MAGNA nylon filter (0.2-um, 47-mm diameter) was from
GE Water & Process Technologies (Minnetonka, MN) for
the filtration of mobile phase. Details of HPLC settings
are described in Table 1.

Scientific  (Hampton, NH). Lyphochek® Therapeutic
Table 1: HPLC Settings
Parameters Conditions
Analytical column ODS HYPERSIL, 5-um, 250 x 4.6 mm
Mobile phase Ammonium acetate buffer:acetonitrile: TFA (409/590/1, viviv)
Mode Isocratic elution
Column oven 45° C
Autosampler 5°C
Flow rate 1.1 mUmin
Injection volume 10 L

Detector settings

Chromatographic time <7 min

254 nm (excitation) and 372 nm (emission)

Preparation of calibrator and quality control samples in
plasma:  Stock solutions of voriconazole and
ketoconazole were prepared separately by dissolving
pure chemical in acetonitrile to have a concentration of
100 ug/mL. Two series of calibrators for voriconazole in
the range of 0.1-10 ug/mL were prepared separately by
diluting the stock solution of voriconazole with normal
pooled human plasma and serum, respectively. Quality
controls (QCs) in normal pooled human plasma or
serum were similarly prepared containing 0.3, 1, 4, and
8 ug/mL. All solutions were stored at refrigerator for 24
hrs, an aliquot of 100 uL calibrator or QC sample was
then dispensed in a 1.5-mL polypropylene screw-top
tube. Internal standard ketoconazole solution (1 ug/mL)
was prepared in acetonitrile from the ketoconazole stock

© 2017 Global Journals Inc. (US)

solution. All solutions and samples were stored at—20
°C until required.

External standard calibration for voriconazole and
ketoconazole: In these experiments, two series of
calibrators for both voriconazole and ketoconazole were
prepared separately by diluting their stock solutions with
acetonitrile to produce final concentrations in the range
of 0.1-10 ug/mL. External standard calibration curves for
voriconazole and ketoconazole were individually
generated by HPLC analysis of their fluorescent
responses, respectively. Experiments were performed in
triplicate. Linearity was assessed by a least squares
linear regression of the analyte peak height versus the
analyte concentration.



Protein precipitation and extraction procedures: To
evaluate the protein precipitation and extraction
efficiency of selected reagents, normal pooled human
plasma or serum fortified with voriconazole (0.3, 1, 4,
and 8 ug/mL) or ketoconazole (1 ug/mL) were used.
Ketoconazole solution was prepared by diluting its stock
solution (100 ug/mL) with normal pooled human plasma
to give a final concentration of 1 ug/mL and refrigerated
for 24 hrs prior to analysis. The following reagents were
selected and prepared as protein precipitants: TCA
(10%, w/v), zinc sulfate heptahydrate (10%, w/V),
acetone, acetonitrile, ethanol, methanol and n-propanol.
Each precipitant was added to the fortified plasma or
serum containing either voriconazole or ketoconazole in
volume ratio of 3:1 in triplicate. Mixtures were vortexed
for 1 min and centrifuged for 10 min at 10,000 rpm. The
supernatant was transferred to an autosampler vial,
capped, and 10 uL was injected directly onto the HPLC
system.  Concentrations  of  voriconazole and
ketoconazole in supernatant were determined by using
the external standard calibration curves for both
analytes and compared to that of unextracted analytes
where extraction efficiency = ([extracted analyte]/
[unextracted analyte]) x 100.

Internal standard calibration for voriconazole: Frozen
calibrators of voriconazole (0.1-10 ug/mL) prepared in
human plasma or serum in 1.5-mL polypropylene screw-
top tubes were thawed at room temperature. The
internal standard ketoconazole in acetonitrile, 100 ulL of
1 ug/mL, was then added to each tube followed by 200
uL of acetonitrile. Mixtures were processed in the same
manner as the fortified plasma and serum described in
the aforementioned section for extraction and protein
precipitation. Internal standard calibration curve for
voriconazole was generated by a least squares linear
regression of the voriconazole-internal standard peak
height ratio versus the voriconazole concentration.

Sample preparation: The internal standard ketoconazole
in acetonitrile, 100 uL of 1 ug/mL, was added to 100 uL
each of patient plasma or serum, normal pooled human
plasma or serum, or QC, and followed by adding 200 uL
of acetonitrile. Mixtures were processed in the same
manner as the fortified plasma described in the
aforementioned section for extraction and protein
precipitation procedures. The isolated supernatant (10
uL) was injected directly onto the HPLC system for
measuring voriconazole and ketoconazole. After
analyzing the voriconazole-ketoconazole peak height
ratio, voriconazole concentration was determined from
the internal standard calibration curve for voriconazole.

Selectivity: To explore possible interference, ten serum
samples from patients treated with other drugs and the
Lyphochek® Therapeutic Drug Monitoring Control were
examined. Human blood and lyophilized products
contains  endogenous components, metabolites,
decomposition products, concomitant medication or

exogenous xenobiotics. These subjects contained
multiple substances such as acetaminophen, amikacin,
amiodarone, amitriptyline, caffeine, carbamazepine,
chloramphenicol, cortisol, cyclosporine, desipramine,
digoxin, disopyramide, estriol, ethosuximide, felbamate,

flecainide,  gabapentin,  gentamicin,  haloperidol,
imipramine, lacosamide, lamotrigine, levetiracetam,
lidocaine, lithium,  methotrexate, = methsuximide,
micafungin, milrinone, mycophenolic acid,

mycophenolic acid glucuronide, N-acetylprocainamide,
netilmicin, nortriptyline, oxcarbazepine, phenobarbital,
phenytoin, posaconazole, primidone, procainamide,
propranolol, quinidine, rufinamide, salicylate, T3, T4,
theophylline, tobramycin, ftricyclic antidepressants,
thyroid-stimulating hormone, valproic acid, vancomycin
and zonisamide. These subjects were treated as patient
samples and processed in the same manner as
described in the sample preparation section.

Accuracy and precision: Accuracy and precision of
within-run or between-run were evaluated by six times
processing and analyses of the LLOQ and four QCs
(0.3, 1, 4 and 8 ug/mL). Accuracy was expressed as
percentage of the deviation of mean from the true value,
determined with the formula [(mean measured
concentration - true concentration)/true concentration] x
100, whereas precision was expressed as coefficient of
variation (CV) calculated as follows: [CV% = (standard
deviation/mean of measured values) x 100]. Criteria for
accuracy is within £15% deviation from the actual value
except at the lower limit of quantitation (LLOQ), where it
should not deviate by more than 20% (27). Criteria for
precision is within 15% of the CV% except for the LLOQ,
where it should not exceed 20% of the CV% (27).

Reproducibility and stability: To evaluate between-run
reproducibility, the LLOQ and four QCs were analyzed
on different days. Stabilities of voriconazole and
ketoconazole in QCs were evaluated under a variety of
storage and handling conditions: freeze-thaw cycles at
room temperature; bench-top stability experiments were
conducted at room temperature under normal laboratory
light for up to 24 hrs; long-term stability (stored samples
at —20 °C for 5 days and then thawed for 30 min at room
temperature); the stability of stock solutions of
voriconazole and ketoconazole were examined; and
finally the stability of processed samples sitting on the
bench-top for up to 24 hrs were examined.

Cross-validation: Cross-validation was performed on 30
patient samples which were separated into paired sets
and stored at —20 °C until required. One set of samples
was submitted to the HPLC/UV analysis. The second set
of patient samples were analyzed using the current
method. To confirm the reliability of this method, paired
results from the two different methods were compared.

2017 Global Journals Inc. (US)
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I11. RESULTS AND DISCUSSION

Chromatography: Typical chromatograms obtained from
a normal pooled human plasma, the 1.25 ug/mL
calibrator, and a representative plasma of patient
treated with voriconazole are shown in Figure 2. Peaks
of voriconazole and internal standard ketoconazole were

80, .
70 V
60/
{
50

40/

30|

FLU

20

0.00 050 100 150 200 250  3.00
Minutes

eluted at ~4.0 and ~5.7 min, respectively. A
chromatography was completed in <7 min. The current
method allows good resolutions of voriconazole and
ketoconazole without ambiguity in identification in the
chromatogram.

Ketoconazole

Voriconazole

350 400 450 500 550 600  6.50

Figure 2: Chromatograms obtained from a normal pooled human plasma (A), the 1.25 ug/mL calibrator (B), and a
representative plasma of patient treated with voriconazole (C) are shown. The retention times of voriconazole and

ketoconazole were ~4.0 and ~5.7 min, respectively

Analytical method validation: Method validation was
carried out according to the FDA Guidance for Industry
Bioanalytical Method Validation (27). The fundamental
parameters for the current bioanalytical method
validation included selectivity, accuracy, precision,
sensitivity, reproducibility, and stability. Measurements
for voriconazole and ketoconazole in plasma and serum
were validated. In addition, the stability of voriconazole
in fortified samples was determined.

For selectivity, human plasma and serum
obtained from ten patients were evaluated. In addition,
lyophilized products such as the Lyphochek®
Therapeutic Drug Monitoring Controls were also
examined. Samples free of voriconazole and
ketoconazole did not show any interference with the
voriconazole and ketoconazole signals. None of other
drugs tested showed chromatographic interference with
voriconazole or ketoconazole. Selectivity was also
ensured at the LLOQ. The ability of the current method
to differentiate and quantify both voriconazole and
ketoconazole in the presence of other components in
human plasma and serum was proven.

Quantitative recovery of voriconazole in human
plasma and serum has recently been achieved by using

© 2017 Global Journals Inc. (US)

methanol as an extracting solvent in a single dilution
step (26). Most recently, a single dilution step procedure
for simultaneous protein precipitation and analytes
extraction has been proved as an excellent sample
preparation for acquiring fast sample clean-up and
disruption of protein-drug binding (28). It is evident that
significant loss of analyte due to adsorption at the
precipitate exists during protein precipitation. Therefore,
addition of internal standard during sample preparation
was necessitated to compensate the loss of analyte.
After investigating several compounds, ketoconazole
was found to best fit as an internal standard in this
study. According to Polson et al. (29), the most efficient
protein precipitants for protein removal were zinc sulfate,
acetonitrile and TCA. These three precipitants were
found to remove plasma protein effectively at 2:1 and
greater volumes of precipitant to plasma. Therefore, the
precipitant to plasma volume ratio of 3:1 was chosen in
the current study. Seven protein precipitants were
evaluated for their extraction efficiencies of voriconazole
(4 ug/mL) and ketoconazole (1 ug/mL) in human
plasma. The concentrations of extracted voriconazole
and ketoconazole were determined by using the external
standard calibration curves. The extraction efficiency



results for these protein precipitants are shown in Table
2. Each extraction efficiency is an average of three
replicates.

Table 2: Comparison of extraction efficiency for various protein precipitants

Precipitants* % Analyte extraction efficiency™* (% RSD)
Voriconazole Ketoconazole Average

Acetonifrile 96.2 (1.5) 93.7 (0.8) 95.0
Methanol 956 (1.1) 90.5 (0.7) 93.1
Ethanol 93.9 (0.8) 90.9 (0.7) 924
Acetone 89.1 (1.9) 90.3 (1.1) 89.7
n-Propanol 89.6 (1.2) 87.7 (1.5) 88.6
Zinc sulfate (10%, w/v) 22.5 (2.8) 26.4 (2.0) 24.5
TCA (10%, wiv) 43.7 (2.0) 3.0 (1.5) 23.3

*Each precipitant was carried out three times (n = 3).

**% Analyte extraction efficiency =

With the exception of zinc sulfate and TCA, all
protein precipitants were on average at least 88%
effective in extraction. Both zinc sulfate and TCA had
decreased concentrations of voriconazole and
ketoconazole in the supernatant due to the loss of
analytes by adsorption at the precipitate. Because
voriconazole and ketoconazole are more soluble in
organic solvents, both analytes were effectively
extracted by the organic solvents. Acetonitrile, aside
from being excellent in precipitating protein, was chosen
based on its optimal extraction efficiency toward
voriconazole and ketoconazole. It is believed that
recovery pertains to the extraction efficiency of an
analytical method. Recovery of voriconazole from
human plasma and serum were carried out in triplicate
by comparing the analytical results for extracted drug at
four concentrations (0.3, 1, 4 and 8 ug/mL) with
unextracted drug. Recoveries of voriconazole from
plasma and serum were similar at four concentrations,
and the mean recovery of voriconazole was in the range
94.7-98.1%.

The internal standard calibration curve of
voriconazole prepared in plasma was linear (r2 > 0.99)
over the concentration range of 0.1 to 10 ug/mL. The
slopes of internal standard calibration curves in the six
different preparations for voriconazole were practically
the same. The mean linear regression equation of
internal standard calibration curve was y = 8.615 x —
0.0302, where y represents the concentration of
voriconazole and x represents the ratio of voriconazole
peak height to that of the internal standard. The LLOQ
was 0.1 ug/mL, whereas the limit of detection (LOD) was
0.04 ug/mL. The internal standard calibration curve
prepared in serum was y = 8.628 x — 0.0413, while the
internal  standard calibration curve prepared in
acetonitrile was y = 8.128 x — 0.013. All calibration
curves were linear (2 >0.99). However, matrix effects

([extracted analyte]/[unextracted analyte]) x 100.

were detected when compared the slopes of calibration
curves prepared in plasma or serum with that prepared
in acetonitrile (p<0.05). Since the plasma and serum
calibration curves were parallel, no matrix effects was
detected between plasma and serum. As such, the
linear regression of the plasma curve was used to derive
the voriconazole concentrations in human plasma and
serum.

© 2017 Global Journals Inc. (US)
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Table 3: Within-run and between-run precision and accuracy

The accuracy and imprecision were evaluated
at the LLOQ and four QC concentrations (Table 3). Bias
was calculated as the found minus the nominal
concentration, expressed as a percentage of the
nominal concentration. Imprecision was calculated as
within- and between- runs coefficient of variation (CV).
The bias for LLOQ and QCs were <4%. Imprecision was
<15% at the LLOQ and QC concentrations, as indicated

by both within- and between- runs. For QCs, within-run
precision was between 1.3% and 7.5% and between-run
precision was between 4.5 and 9.2%. Overall accuracy
was between 96.1% and 102.1%. The minimal deviation
of the mean from the true value indicates the excellent
accuracy of the method. Table 4 provides the method
reproducibility performed by five technicians for patient
samples. Overall CVs were less than 9%.

Table 4: Method reproduciblity performed by five technicians

Sample Replicate Found (ug/mL) Precision (% CV)
Patient #1 5 1.23+0.101 8.2
Patient #2 5 6.86+0.349 5.1
Patient #3 5 3.05+0.146 48
Patient #4 5 0.994+0.085 8.6
Patient #5 5 4.41+0.192 4.4
Patient #6 5 2.58+0.154 6

The stability of QC samples at -20°C was
evaluated at 2-week intervals for 3 months. The stability
of stock standard solutions at -20°C for 6 months was
evaluated. The effects of freezing and thawing on
voriconazole were studied using QC samples, which
were subjected three free-thaw cycles before analysis
(freeze samples at —20°C and then thaw for 30 min at
room temperature). The stability of the processed
samples sitting at 5°C (the temperature of the
autosampler) for 24 hrs were evaluated. Voriconazole
and internal standard ketoconazole were stable in all
storage and handling conditions.

Cross-validation: A cross-validation was also carried out,
using a total of 30 de-identified patient samples with

© 2017 Global Journals Inc. (US)

voriconazole concentrations ranging from 0.1 to 7.2
ug/mL. Results from the current method were compared
with data generated using a validated HPLC-UV method
(26) served as the reference. These data are shown in
Figure 3. The least squares linear regression equation
for correlation where y is the current method and x is the
reference method described here was y = 1.024x -
0.018 where r2 = 0.981 with a standard error value of
0.027.



Current method, yg/mL

|

4 6 8

Reference method, ug/mL

Figure 3: Method comparison of results obtained with 30 de-identified patient samples are plotted with regression
statistics. The voriconazole plasma concentrations (ug/mL) are shown for each sample analyzed in both methods

Analytical method comparison: Up to now, three
HPLC/FL methods (18-20) for measuring voriconazole in
biological fluids have been previously described.
Michael et al. (18) reported the first HPLC-FL method for
the determination of voriconazole in 0.3 mL of human
plasma or saliva by using an internal standard UK-115
794 which was not readily available. Human sample was
extracted twice with n-hexane-ethyl acetate, two extracts
were then combined and evaporated to dryness. The
residue was reconstituted and 20 uL of reconstitutant
was injected onto the HPLC system with a run time of 12
min. Heng et al. (19) described a procedure to
manipulate 4 mL of human bronchoalveolar lavage fluid
by using a freeze dryer. After 48 hrs of drying, the
lyophilized powder was reconstituted with water and
extracted with acetonitrile. Following centrifugation, an
aliquot (70 ul) of the extract was injected onto the HPLC
system. Ogata et al. (20) used ethyl acetate to extract
voriconazole and naproxen (as an internal standard)
from 02 mL of human plasma. After protein
precipitation, tedious procedures such as evaporation of
ethyl acetate supernatant to dryness and reconstitution
of residue with mobile phase were used for sample
preparation prior to HPLC analysis. Finally, a lengthy
chromatography of longer than 22 min per injection was
required for the analysis. In comparison with the
reported HPLC/FL methods, the current method
employs a single dilution step with acetonitrile for
protein precipitation and extraction. Once again, a single
dilution step procedure proved to be the most rapid and
simplest procedure for sample preparation. The current
method only needed a small injection volume (10 L)
and small sample volume (0.1 mL) to achieve the LLOQ
of 0.1 ug/mL (1 ng on column). Injection of a small
portion of extract (10 ulL) has allowed the HPLC system

to load ~1500 injections without replacing pre-filter
columns. It is cost-effective and time-saver, because the
replacements of pre-filter columns are frequently
required after loading up to ~700 injections with large
portions of extract (20 uL or greater) per injection.
Finally, the current method completes a
chromatographic run in <7 min per injection with the
optimized conditions.

[V. CONCLUSION

A validated HPLC/FL method for the
determination of voriconazole concentration in human
plasma or serum has been described. Ketoconazole is
readily available and has been successively used as an
internal standard. The current method uses acetonitrile
as protein precipitant and extraction solvent in a single
dilution step procedure which provides rapid sample
clean-up and excellent extraction efficiency. By avoiding
complex liquid-liquid extraction, tedious solid-phase
extraction, evaporation of extract or supernatant, and
residual reconstitution procedures, the current method
substantially decreases set-up time. This method is
simple, rapid, sensitive, accurate and practical for use in
the analytical and clinical laboratories for therapeutic
drug monitoring of voriconazole in human plasma and
serum.
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Role of Heme-Oxygenase-1 in Attenuated
Cardioprotective Effect of Ischemic
Preconditioning in Hyperlipidemic Myocardium

Atinderpal Kaur *, Tapan Behl °, H. N. Yadav ® & PL Sharma ©

Abstract- Nitric Oxide (NO) is responsible for cardioprotective
effect of ischemic preconditioning (IPC). Heme Oxygenase-1
(HO-1) facilitates release of NO by disrupting caveolin-eNOS
complex. Both, the expression/activity of HO-1 and the IPC
mediated cardioprotection are decreased significantly in
hyperlipidemia. In this study the role of HO-1 in attenuation of
IPC- induced cardioprotective effect in hyperlipidemic rat was
investigated. Hyperlipidemia was induced by feeding high fat
diet to Wistar rats. Isolated Langendorff heart preparation
model was used. Cardioprotective effect was assessed by
myocardial infarct size measurement and release of Lactate
Dehydrogenase (LDH), Creatine Kinase (CK-MB) in coronary
effluent. Nitrite estimation was done to indirectly infer the level
of cardiac NO production. In hyperlipidemic rat, IPC-induced
cardioprotection and release of NO were significantly
decreased. Perfusion with sodium nitrite (NO precursor) and
pre-treatment with daidzein (DDZ) (caveolin inhibitor) and
hemin (HO-1 inducer), alone or in combination significantly
restored the attenuated cardioprotective effect of IPC in
hyperlipidemic rats. Administration of zinc protoporphyrin
(ZnPP), HO-1 inhibitor, significantly abolished the observed
cardioprotection in hemin pre-treated hyperlipidemic rat. The
significant restoration of the attenuated cardioprotective effect
of IPC following induction of HO-1 by hemin in hyperlipidemia
was observed. The results indicated that attenuation of IPC-
induced cardioprotective effect may be due to the decrease in
HO-1 induced NO release in hyperlipidemic rat heart.

Keywords: heme oxygenase-1, ischemic
preconditioning,  hyperlipidemic rat heart, hemin,
diadzein.

[. INTRODUCTION

oronary artery disease is a leading cause of

morbidity and mortality worldwide [1, 2].

Inadequate blood flow to the myocardium leads
to ischemia and, early reperfusion is necessary for the
viability of myocardium [3]. Reperfusion after a
prolonged period of ischemia is not without risk, it
damages the myocardium, which is known as ischemia-
reperfusion injury [4, 5]. Ischemic preconditioning (IPC),
is a powerful endogenous  cardioprotective
phenomenon in which short intermittent cycles of
sublethal ischemia, followed by reperfusion before the
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subsequent prolonged ischemic insult, improves the
tolerance against ischemia-reperfusion-induced injury
[6, 7]. IPC mediated cardioprotection has been
documented in various species including human beings
[7,8].

IPC produces cardioprotection by stimulating
the generation of various endogenous ligands which
bind to their respective G-protein coupled receptors [9,
10] and initiate a signalling cascade i.e., activation of PI-
3K/Akt [11], phosphorylation of eNOS, generation of NO
and by opening of mito Ky channel [12, 13]. The
cardioprotective effect of IPC is attenuated in in
hyperlipidemic myocardium and it may be due to
decreased HO-1 [14, 15], impairment of K, channel
[16] impairment of PI-3K/AKT pathway [17, 18] and
altered activation of JAK/STAT and MAPK, GSK-3p [19,
20]. Hence, the mechanism involved in attenuation of
cardioprotective effect of IPC in hyperlipidemic
myocardium, remain to be elucidated.

Caveolae are the specialised membrane
domains which serve as organizing centres for cellular
signal transduction [21]. Various signalling molecules
like src-like kinases, tyrosine kinase, members of Ras-
MAPK cascade and eNOS [22] are localized within
caveolae. Caveolin is also a well known negative
regulator of eNOS and these results in decreased
availability of NO [23, 24] which is responsible for
cardioprotective effect of IPC [13]. It has been reported
that expression of caveolin is upregulated in
hyperlipidemic myocardium [25].

Heme-oxygenase is the rate-limiting enzyme in
the biochemical pathway responsible for catabolism of
heme into ferrous (Fe™™) ion, carbon monoxide, and
biliverdin, the latter being subsequently converted into
bilirubin by biliverdin reductase [26]. HO-1 is localized in
the membrane caveolae and the inner leaflet of the
plasma membrane where it is interacts with caveolin
[27]. In transgenic mice, the overexpression of Heme-
oxygenase-1, conversely regulates the expression of
caveolin [25]. Moreover, HO-1 facilitates release of NO
by disrupting association of caveolin with eNOS [25]. It
has been reported that a decrease in the cardiospecific
expression of HO-1 exacerbates the ischemia
reperfusion-induced injury [26], while upregulation of
HO-1 produces cardioprotection against ischemia-
reperfusion induced injury [27]. Transgenic mice
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expressing cardiac-specific HO-1 are resistant, while the
heart of HO-1 knock-out mice is more susceptible to
ischemia-reperfusion-induced injury [28]. In
hyperlipidemia, the expression and activity of HO-1 is
reduced [29] whereas the increase in HO-1 in
hyperlipidemic rats is associated with activated eNOS
[30]. Therefore, the present study was designed to
investigate the role of Heme- Oxygenase-1 in attenuated
cardioprotective effect of IPC in hyperlipidemic rat
hearts.

[I. MATERIALS AND METHODS

Daidzein (0.2mg/Kg/s.c) (Enzo Life Sciences
International, Inc., USA) was dissolved in 10% Dimethyl
Sulphoxide (DMSQ) and then injected to the animals for
7 days after 8 weeks of high fat diet administration.
Hemin (4mg/kg/i.p.) (Himedia Laboratories Pvt. Ltd.,
Mumbai) was dissolved in 0.2M NaOH and was injected
18 h before isolation of heart. Zinc Protoporphyrin
(50ug/kg/ip.) (Enzo Life Sciences International, Inc.,
USA) was dissolved in DMSO and injected 6 hr before
hemin treatment [31]. TTC Stain, Tris-chloride buffer,
sulphanilamide, phosphoric acid and sodium nitrite was

purchased from CDH Pvt. Ltd., New Delhi. N-(1-
Naphthyl)  ethylenediamine  dihydrochloride  was
purchased from Himedia Laboratories Pvt. Lid.,,

Mumbai. The LDH enzymatic estimation kit and CK-MB
enzymatic estimation kit was purchased from Coral
Clinical Systems, Goa, India. All other reagents used in
this study were of analytical grade and always freshly
prepared before use.

a) Animals

Age matched young male Wistar rats, weighing
180-250 g housed in animal house and provided 12 h
light and 12 h dark cycle were used. They were fed on
standard chow diet (Ashirwad Industries Ltd., Ropar,
India) and provided water ad libitum. The experimental
protocol was approved by the Institutional Animal Ethics
Committee in accordance with the National (CPCSEA)
Guidelines on the Use of Laboratory animals. All efforts
were made to minimize animal suffering and reduce the
number of animals used.

b) Induction of experimental hyperlipidaemia

Male Wistar rats (180-250) were employed in
the present study. Experimental hyperlipidemia was
induced by high fat diet (corn starch 44.74 g, casein 14
g, sucrose 10 g, butter 20 g, fibre 5 g, mineral mix 3.5 g,
vitamin mix 1 g, choline 0.25 g, terbutylhydroquinone
0.0008 g, cholesterol 1 g, cholic acid 0.5 g) for 8 weeks.
Serum cholesterol and triglyceride level was estimated
spectrophotometrically at 505 nm by PEG and GPO /
PAP method (Trinder, 1969; Bucolo, 1973, Fossati,
1982) using enzymatic kits (Coral Clinical Systems, Goa,
India). Serum cholesterol level 800- 1000 mg/dl and

© 2017 Global Journals Inc. (US)

serum triglyceride level 200- 300 mg/dl were considered
to be hyperlipidemic.

c) Isolated rat heart preparation

Rats were administered heparin (500 IU/L, i.p)
20 min. prior to sacrificing the animal by cervical
dislocation. Heart was rapidly excised and immediately
mounted on Langendorff’'s apparatus [30]. Isolated
heart was retrogradely perfused at constant pressure of
80 mmHg with Kreb’s-Henseleit buffer (NaCl 118 mM;
KClI 47 mM; CaCl, 25 mM; MgSO,.7H,0 1.2 mM;
KH,PO, 1.2 mM; CsH,,0 11 mM), pH 7.4, maintained at
37°C bubbled with 95% O, and 5% CO,. Flow rate was
maintained at 7-9 ml/min. using Hoffman’s screw. The
heart was enclosed in double wall jacket, the
temperature of which was maintained by circulating
water heated at 37°C. Ischemic preconditioning was
produced by closing the inflow of K-H solution for 5 min
followed by 5 min of reperfusion. Four such episodes
were employed. Global ischemia was produced for 30
min. followed by 120 min. of reperfusion. Coronary
effluent was collected before ischemia, immediately, 5
min. and 30 min. after reperfusion for estimation of LDH,
CK-MB and nitrite release [32].

d) Assessment of myocardial injury

The assessment of myocardial infarct size was
done by using triphenyltetrazolium chloride (TTC)
staining method. The heart was removed from the
Langendorff's apparatus. Both the atria and root of aorta
were excised and ventricles were kept overnight at -4°C
temperature. Frozen ventricles were sliced into uniform
sections of about 1-2 mm thickness. The slices were
incubated in 1% w/v triphenyltetrazolium chloride stain
(TTC stain) at 37°C in 0.2M Tris-chloride buffer for 30
min. The normal myocardium was stained brick red
while the infarcted portion remained unstained. Infarct
size was measured by the volume method [33]. LDH
and CK-MB were estimated by using commercially
available kits. Values of LDH and CK-MB were
expressed in international units per litre (IU/L).

e) Nitrite estimation

Nitrite is stable nitrogen intermediate formed
from the spontaneous degradation of NO. Unlike NO,
nitrite can be measured easily and nitrite concentrations
can be used to infer levels of NO production. Nitrite
release in coronary effluent was measured. Greiss
reagent 0.5 ml (1:1 solution of 1% sulphanilamide in 5%
phosphoric acid and 0.1% N-(1-Naphthyl)
ethylenediamine dihydrochloride in water) was added to
0.5 ml of coronary effluent. The optical density at 550
nm was measured using spectrophotometer (UV-1700
Spectrophotometer, Shimadzu,  Japan). Nitrite
concentration was calculated by comparison with
spectrophotometer reading of standard solution of
sodium nitrite prepared in K-H buffer [32].
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) Experimental design (n= 72; each group contained 6 rats)
Group 1 Sham control.
190 “ K-H

Group 2 Diadzein per se

Group 3 Hemin per se.

Group 4 Ischemia reperfusion control.

Group 9 IPC in diadzein pretreated hyperlipidemic rat heart.

Bl == IEE = BEl s = 3071

4 mg/kg i.p) pretreated Hyperlipidemic rat heart.
TN N O ETW
Group 11 IPC in Diadzein and Hemin pretreated Hyperlipidemic rat heart.
10’s Bl s = S s r S 5 R Bl s r 3071

Group 12 IPC in Zn protoporphyrin (50ug /kg i.p) and hemin (4mg/kg i.p) pretreated hyperlipidemic rat heart.
N S s>r S s e

Diagrammatic representation of experimental
protocol is shown. In all groups, isolated rat heart was
perfused with K-H (Krebs-Hensleit) solution and allowed
for 10 min of stabilization. Isolated rat heart preparation
was stabilized for 10 min and then perfused
continuously with K-H solution for 190 min.

g) Data analysis and statistical procedures

All values were expressed as mean + standard
deviation (S.D). Statistical analysis was performed using
Graphpad Prism Software (5.0). The data obtained from
the various groups were statistically analysed using
student t-test, one-way analysis of variance (ANOVA),
two way analysis of variance (ANOVA) followed by
Tukey’'s multiple comparison test. P < 0.05 was
considered to be statistically significant.
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Global journal of Medical Research ( B) Volume XVII Issue III Version I E Year 2017



[1I. RESULTS

a) Effect of high fat diet on body weight
The high fat diet was fed for 8 weeks to the rats and a significant increase in body weight was observed as
compared to basal value (Fig. 1).
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Fig. 1. Effect of high fat diet administration on serum body weights of rats.
Values were expressed as mean = S.D.

=a) b) Effect of high fat diet on serum cholesterol and
triglyceride level
After feeding high fat diet for 8 weeks to the
rats, serum cholesterol and serum triglycerides level was
estimated and a significant increase in serum
cholesterol and serum triglyceride level was observed as
compared to basal value. (Fig. 2)
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Fig. 2: Comparison of serum cholesterol an triglyceride level in normal and hyperlipidemic rat hearts.

Values are expressed as mean = S.D.

c) Effect of ischemic  preconditioning  and
pharmacological interventions on myocardial injury
(Infarct size, LDH and CK-MB)

Global ischemia for 30 min followed by 120 min
of reperfusion significantly increased the myocardial
injury as compared to sham control. Four episodes of
IPC significantly decreased I/R-induced increase in
myocardial injury in normal rat heart. However, ischemic
preconditioning failed to decrease the myocardial injury
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in hyperlipidemic rat heart. Moreover, IPC induced
decrease of myocardial injury was significantly restored
in sodium nitrite perfused hyperlipidemic rat heart.
Similar results were obtained in daidzein and hemin,
administered alone or in combination. Administration of
ZnPP significantly blocked the observed cardio-
protective effect in hemin in hyperlipidemic rat
(Fig. 3, 4, 5).

Sham control

Diadzein per se

Hemin per se

I / R control

IPC control

Sodium nitrite + IPC
IPC + Hyperlipidemia
IPC+Sodium nitrite+HL
IPC+Diadzein+HL
IPC+Hemin+HL
IPC+Diadzein+Hemin+HL
IPC+ZnPP+Hemin+HL

o

ooO00O00000000

Fig. 3: Effect of pharmacological interventions on myocardial infarct size.

Values are expressed as mean = S.D. a = p < 0.05 vs. Sham Control and basal value; b = p < 0.05 vs. I/R Control;
c =p < 0.05vs. IPC control; d = p < 0.05 vs. IPC in hyperlipidemic rat heart; e = p<0.05 vs. IPC in hemin treated

hyperlipidemic rat heart.
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Fig. 4: Effect of pharmacological interventions on myocardial release of lactate dehydrogenase (LDH).

Values are expressed as mean = S.D. a = p < 0.05 vs. Sham Control and basal value; b = p < 0.05 vs. I/R Control;
c =p < 0.05vs. IPC control; d = p < 0.05 vs. IPC in hyperlipidemic rat heart; e = p<0.05 vs. IPC in hemin treated
hyperlipidemic rat heart.
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Fig. 5: Effect of pharmacological interventions on myocardial release of Creatine Kinase (CK-MB).

Values are expressed as mean = S.D. a = p < 0.05 vs. Sham Control and basal value; b = p < 0.05 vs. I/R Control;
c =p < 0.05vs. IPC control; d = p < 0.05 vs. IPC in hyperlipidemic rat heart; e = p<0.05 vs. IPC in hemin treated
hyperlipidemic rat heart.
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d) Effect of ischemic  preconditioning  and
pharmacological interventions on the nitrite release
in coronary effluent

Global ischemia for 30 min followed by 120 min
of reperfusion significantly decreased the nitrite release.

Four episodes of IPC significantly restored the I/R

induced decrease in nitrite release in normal rat heart.

However, ischemic preconditioning failed to increase the

nitrite release in hyperlipidemic rat heart. Moreover, IPC
induced increase of nitrite release was significantly
restored in sodium nitrite perfused hyperlipidemic rat
heart. Pre-treatment with daidzein and hemin, alone or in

combination also restored it. Furthermore,
administration of ZnPP significantly abolished the
restored  cardioprotective effect of hemin in

hyperlipidemic rat (Fig.6).

[ Sham control
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3 1/ Rcontrol
[ IPC control
3 Sodium nitrite + IPC
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Fig. 6: Effect of pharmacological interventions on myocardial release of nitrite.

Values are expressed as mean = S.D. a = p < 0.05 vs. Sham Control and basal value; b = p < 0.05 vs. I/R Control;
c =p < 0.05vs. IPC control; d = p < 0.05 vs. IPC in hyperlipidemic rat heart; e = p<0.05 vs. IPC in hemin treated

hyperlipidemic rat heart.
IV. DisCussioN

This study was designed to investigate the role
of HO-1 in attenuated cardioprotective effect of IPC in
hyperlipidemic rat hearts. After a prolonged period of
ischemia, reperfusion produces further damage to
myocardium which is known as ischemia reperfusion
injury. The ischemic preconditioning induced by four
episodes of 5 min global ischemia and 5 min
reperfusion was reported to produce cardioprotective
effect in isolated rat heart preparation [34]. Our findings
were in agreement with these phenomenon’s. The
cardioprotective effect of IPC had been reported to be
significantly attenuated in hyperlipidemia. Our results
were in accordance with these published studies [35].

Perfusion of sodium nitrite (NO donor) produces
cardioprotection in isolated heart from normal rat,
subjected to global ischemia [36]. In our study,
perfusion of sodium nitrite in isolated hyperlipidemic rat
heart followed by IPC, significantly restored the
attenuated effect of IPC in diabetic myocardium.

Release of nitric oxide during the ischemic
preconditioning was reported to produce
cardioprotection against ischemia-reperfusion induced
injury [12]. In our study, IPC significantly increased the
release of NO (measured in coronary effluent), as
compared to ischemia reperfusion control group.
However, this IPC mediated increase in release of nitric
oxide was significantly decreased in hyperlipidemic rat
heart. Sodium nitrite perfusion in hyperlipidemic rat heart
significantly restored the attenuated cardioprotective
effect of ischemic preconditioning. Thus, the reduced
release of NO in hyperlipidemic rat heart may be
responsible for attenuation of cardioprotection mediated
by IPC in hyperlipidemic rat. It was interesting to note
that treatment with sodium nitrite did not enhance the
cardioprotective effect of IPC in normal rat heart. This
indicated that once IPC mediated increased generation
of NO achieved the threshold for cardioprotection;
addition of sodium nitrite was unable to further increase
the myocardial protection by IPC.
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Caveolae are 50-100 nm invaginated plasma
membrane domains which serve as organizing centers
of signal transduction [37]. Caveolins are proteins that
form the structure of caveolar membrane, act as
signalosomes for GPCR and other molecules such as
NOS and Src-like kinases [38]. Increased expression of
caveolin, leads to the, decreased phosphorylation of
endothelial nitric oxide synthase and consequent
decreased generation of nitric oxide. Further, it has been
reported that expression of caveolin is upregulated in
hyperlipidemic myocardium [39]. Thus, it may results in
increased formation of Caveolin-eNOS complex, which
decreases the availability of nitric oxide. It has been
reported that NO is responsible for cardioprotective
effect of ischemic preconditioning [40].

Upregulation of caveolin in diabetic rat heart
may inhibit the activity of eNOS by making its complex
which leads to a decrease in the release of NO [41].
Administration of daidzein increases the generation of
nitric oxide by inhibiting the caveolin-eNOS complex and
subsequent activation of the eNOS [42]. In our study,
one week of pretreatment of hyperlipidemic rat with
daidzein, a caveolin inhibitor [42], significantly restored
the cardioprotective effect of ischemic preconditioning
in hyperlipidemic rat heart, noted in terms of decrease in
infarct size and release of LDH, CKMB, and also
increase in the release of NO. Our findings were in
agreement with reports from other laboratories [20].

Heme-Oxygenase-1 is localized in the
membrane caveolae of the plasma membrane where it
is interacts with caveolin [27]. It has been reported that a
decrease in the cardiospecific expression of HO-1
exacerbates while an upregulation of HO-1 produces
cardioprotection against ischemia-reperfusion injury
[43]. HO-1 facilitates release of NO by disrupting
complex of caveolin and eNOS [43]. The expression of
HO-1 is diminished into hyperlipidemic myocardium. In
our study, pretreatment with hemin, a heme-oxygenase-
1 inducer, restored the decrease in release of nitric
oxide and significantly restore the attenuated
cardioprotective effect of ischemic preconditioning in
hyperlipidemic rat heart.

Thus it was speculated that the attenuated
cardioprotective effect of IPC in hyperlipidemic rat heart
may be due to inhibition of eNOS by enhancing the
binding of eNOS with caveolin, which leads to decrease
in the release of nitric oxide. Also, administration of
ZnPP, an inhibitor of HO-1, significantly blocked the
observed cardioprotection and increase in release of
NO in hearts of hemin pretreated hyperlipidemic rats.
Furthermore, the restoration of the attenuated
cardioprotective effect of IPC in hyperlipidemic rat heart
by combination of daidzein and hemin was not greater
than that observed when the drugs were administered
alone. This suggested that these two drugs may be
acting via the same mechanism i.e., NO pathway.

© 2017 Global Journals Inc. (US)

On the basis of above discussion it was clear
that activation of heme-oxygenase-1 enzyme, by a
specific inducer i.e. hemin, restored the cardioprotective
effect of ischemic preconditioning in hyperlipidemic rat
heart, by disrupting the caveolin-eNOS complex and
there by enhancing the release of NO. Further,
pretreatment with ZnPP, a specific heme-oxygenase-1
inhibitor,  significantly blocked the restoration of
cardioprotective effect of ischemic preconditioning in
hemin pretreated hyperlipidemic rat heart. Therefore, it
was concluded that attenuation of cardioprotective
effect of ischemic preconditioning in hyperlipidemic rat
heart, was due to impairment of HO-1 induced release
of nitric oxide.
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Adaptogenic Activity of Morus Alba Extracts in
Wistar Rats

Dr. Somayeh Afsah Vakili * & Syed Fayazuddin °

Absiracl- Morus alba was broadly used with a long history of
traditional medicinal remedy for the regimen of various
illnesses. The current investigation was designed to evaluate
anti-stress activity of aqueous and ethanol extracts of Morus
alba. Anti-stress of aqueous and ethanol extracts of Morus
alba was estimated by inducing stress in rats through the
forceful swimming. Homovanillic acid (HVA), urinary
vanillymandelic acid (VMA), 6-p-OH-cortisol,
5-hydroxyindoleacetic acid (5HIAA) and ascorbic acid were
reckoned as non-invasive biomarkers to assess the
adaptogenic activity. Daily oral administration of aqueous and
ethanol extracts of Morus alba at dose of 200 and 400 mg/kg
body weight one hour before the induction of stress to retard
stress-induced urinary biochemical changes in a dose
dependent manner. However, non-significant changes in the
urinary excretion of Homovanillic acid (HVA), urinary
vanillymandelic acid (VMA), 6-p-OH-cortisol,
5-hydroxyindoleacetic acid (5HIAA) and ascorbic acid was
perceived when compared to basal levels in normal animals.
Keywords: morus alba, stress, homovanillic acid, urinary
vanillymandelic acid, 6-f-OH-cortisol, 5-hydroxyindo-
leacetic acid, ascorbic acids.

[. INTRODUCTON

tress can be defined as the sum total of all the

reaction of the body, which disorganise the

normal physiological condition and result in a
state of threatened homeostasis. Stress is an
internationally conceded phenomenon fortified by
advancement of industrialization in a demanding
civilization. Thus every individual is likely to face stressful
situation in day to day life (Selye, 1998). Stress is a
stimulus that activates the hypothalamic pituitary
adrenal (HPA) axis and Sympathetic Nervous System
(SNS) and begets a physiological change. Physiological
responses to stressful stimuli, including the increases in
blood pressure, heart rate, body temperature and
plasma concentration of adreno-corticotrophic hormone
(ACTH), can be related to the stress induced activation
of the SNS. Stress prompts synthesis and release
glucocorticoids  (corticosterone and cortisol) and
monoamines such as epinephrineg, dopamine,
norepinephrine and serotonin which are characteristic
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stress hormones (Carrasco et al., 2003). Adaptogens
are the substances that help organisms to adapt to
unfavourable stressful conditions, which could be
physical, chemical, biological or mental conditions
(Rege et al, 1999). The prevalent objective of
adaptogenic therapy is due to diminish stress reactions
during the alarm phase of the stress response, inhibit or
retard the state of exhaustion and consequently issue a
certain level of protection against long-term stress
(Wagner et al., 1994). Morus alba belongs to family
Moraceae commonly called as white mulberry. This
plant has been used traditionally as anti-asthma,
antidiabetic (Singab et al., 2005), hypotensive (Fukai et
al., 1985) and neuroprotective (Kang et al., 2006). The
current investigation was carried out to assess the anti-
stress activity of aqueous and ethanol extracts of Morus
alba.

[I. MATERIALS AND METHODS

a) Plant material and Preparation of extracts

The fruits of Morus alba were collected from
Chennai, Tamil Nadu, India and authenticated by Green
Chem, Bangalore, Karnataka, India, a voucher
specimen (MAT-SIP-501) were preserved for future
references. The fruits materials (1kg) was dried,
powdered and extracted with water and ethanol (60-
80°C) using soxhlet methods. The filtrate was
evaporated at 70 °C in a vaccum dryer to give final yield
40.5¢.

b) Chemicals

Homovanillic acid (CAS 306-08-1), urinary
vanillymandelic acid (VMA), 6-p-OH-cortisol,  5-
hydroxyindoleacetic acid (5HIAA) and ascorbic acid was
purchased from Sigma, ST Louis, MO, USA. Acetonitrile
and methanol HPLC grade were supplied from
Qualigens, Fischer Scientific, Mumbai. All other
chemicals were analytical grade and obtained from local
store of Visveswarapura Institute of Pharmaceutical
Sciences.

c) Animals

Albino Wistar rats (150-200gm) of either sex
obtained from the NIMHANS animal house, Bengaluru
and were housed at room temperature in a well-
ventilated animal house under 12 hrs light / dark cycle in
polypropylene cages (29'x22'x14") with stainless steel
grill top, bedded with paddy husk. The animals were
maintained under standard conditions in an animal
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house as per the guidelines of "Committee for the
Purpose of Control and Supervision on Experiments on
Animals" (CPCSEA) for at least one week prior to use.
The rats had free access to standard rat chow and water
ad libitum. The study protocol was approved by
Institutional ~ Animal  Ethics  Committee  (IAEC),
Visveswarapura Institute of Pharmaceutical Sciences,
Bangalore. (Registration No: 152/1999, renewed in
2012).

d) Calibration curves of HVA, VMA, 6-5-OH cortisol and
5-HIAA in urine by simultaneous HPLC determination
Simultaneous HPLC determination of HVA,
VMA, 6-p-OH cortisol and 5-HIAA in urine were
determined to assess their standard value (Sreemantula
et al., 2004) . Different dilutions 25 ng/ml, 50 ng/ml, 100
ng/ml, 250 ng/ml, 500 ng/ml, 1000 ng/ml, 2500 ng/ml,
5000 ng/ml of the HVA, VMA, 6-B-OH cortisol and 5-
HIAA were made with mobile phase from the working
standards (1mg/ml) which consist of 250 ng/ml internal
standard (Ethyl-3-hydroxy-4-methoxy-mandelate). These
dilutions were spiked into the HPLC and calibration
curves were plotted as peak area ratio vs. concentration.
The peak area ratios of HVA, VMA, 6-B-OH cortisol and
5-HIAA to that of internal standard were calculated and
substituted in the respective regression equations to
estimate the amount of the metabolite present in the
sample.

e) Calibration curve for ascorbic acid

Calibration curve for ascorbic acid was done
according method of (Roe and Kuether, 1943). Standard
solution of ascorbic acid (1mg/ml) was prepared by
dissolving 10 mg of ascorbic acid in 10 ml of distilled
water. By using this different concentration of ascorbic
acid 5, 10, 20, 30, 40 ug/ml were prepared with 4%
Trichloro Acetic acid (TCA). 10 ml of each of these were
taken and mixed well with 0.375 gm of activated
charcoal and filtered. 4% TCA was used for the blank.
From the filtrate 1 ml was taken in to the test tube and a
drop of thiourea was added to that. Then to those test
tubes 1 ml of 2,4-Dinitro Phenyl Hydrazine (2,4-DNPH)
was added and kept in incubator for about 3 hrs,
maintained at 37°C. The tubes were then placed in the
beaker containing ice and 5 ml of 95% sulphuric acid
was added drop by drop within 1 min interval with
intermittent mixing. Finally they were shaken and kept
aside for 30 min. Then optical density was measured at
550 nm using spectrophotometer [Shimadzu (UV-
1601)]. Standard curve was plotted by taking
concentration of ascorbic acid on X-axis and optical
density on Y-axis.

) Evaluation of anti-stress activity

Rats of either sex weighing between 180-220
gm were divided into five groups (I, II, Ill, IV & V) each
containing six animals. The 24 hr urine sample from
each group were collected into two different beakers,
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one containing 5 ml of 10% oxalic acid for the
spectrophotometric determination of ascorbic acid at
550 nm and the other containing 0.5 ml of 6N
hydrochloric acid for the determination of stress
metabolites. The experimental protocol was divided into
four phases: In the first phase of the experiment, 24 hr
urine samples were collected in all the groups and
subjected to analysis for HVA, VMA, 6-B-OH cortisol, 5-
HIAA and ascorbic acid and the normal values were
recorded for four consecutive days. In the second
phase, after a recovery period of one week, the animals
in each group were subjected to fresh water swimming
stress individually. In this method, rats are forced to
swim until exhausted in a cylindrical vessel of 60 cm
height and 45 cm diameter containing water at room
temperature (28°C). Water depth was always maintained
at 40 cm. The 24 hr urine samples were collected in all
the groups and subjected to analysis for HVA, VMA, 6-B-
OH cortisol, 5-HIAA and ascorbic acid and the values
were recorded for four consecutive days. In the third
phase of the experiment, after a recovery period of one
week, the experimental animals were administered as
follows for four consecutive days. Group 1 rats served
as normal control and received 2mi/kg distilled water,
group 2,3 rats were administrated orally with aqueous
extracts of Morus alba at dose of 200 mg/kg and 400
mg/kg respectively. Group 4,5 rats received ethanol
extracts Morus alba orally at dose of 200 mg/kg and 400
mg/kg respectively. In the final phase of the experiment,
after a recovery period of one week, the administration
of Morus alba extract were done as mentioned in the
third phase, one hour prior to the daily induction of
stress for four consecutive days while group | serving as
control. The 24 hr urine samples were collected in all the
groups and subjected to analysis for HVA, VMA, 6-B-OH
cortisol, 5-HIAA and ascorbic acid and the values were
recorded for four consecutive days to study the
influence of the aqueous and ethanol extracts of Morus
alba on the stress induced biochemical changes
(Sreemantula et al., 2004).

g) Statistical analysis

The data were expressed as mean + S.EM.
Statistical analysis was performed by using student’s
paired t-test, where the difference was considered
significant if p < 0.05.

I11. RESULTS

a) Calibration curves of biomarkers for determination of
Standard value

A typical chromatogram was manifested in
Figure 1. The retention times of VMA, IS (Ethyl-3-
hydroxy-4-methoxy-mandelate), 5-HIAA, 6-p-OH cortisol
and HVA were found to be 4.46, 5.210, 9.31, 10.84 and
12.15 respectively. The standard graphs of HVA, VMA,
6-B-OH cortisol and 5-HIAA were displayed in Figure
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2,3,4 and 5. Calibration curve for ascorbic acid was
exhibited to estimate standard value in Figure 6.
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Figure 1: Chromatogram representing simultaneous method for the determination of standardHVA, VMA, 6-3-OH

cortisol and 5-HIAA
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Figure 2: Standard graph of Homovanillic acid (HVA)
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Figure 4: Standard graph of 6-B-Hydroxy Cortisol (6-B-OH cortisol)
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Figure 6: Standard graph of Ascorbic acid

b) Evaluation of anti-stress activity

Figures 7, 8, 9, 10 and 11 revealed the effect of
aqueous and ethanol extract of Morus alba on urinary
levels of biomarkers in normal and stress condition.
There was variation in each biomarkers from group to
group in normal state. The amount of VMA (0.343 ug =
0.019), 5-HIAA (0.348 pug = 0.013) and HVA (0.113 ug =
0.009) were low in group | in normal state and high
amount of VMA (0.431ug = 0.017), 5-HIAA (0.463 ug =+

0.022) and HVA (0.176 pg = 0.006) were found in group
IV in normal state. The level of 6-p-OH cortisol was low
in group V (0.424 ng = 0.032) and high in group | (0.557
pug = 0.010), also the amount of ascorbic acid was low
in group IV (43.92 pg + 2.33) and high in group | (52.64
pg =+ 5.64) in normal condition. Significant increase
(P<0.05) in urinary levels of VMA, 5-HIAA,
6-p-OH cortisol and HVA was noted in group | to V.
Significant decrease (P<0.05) in urinary levels of
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ascorbic acid was observed in group | to V in stress
condition. There were slight changes in VMA, 5-HIAA, 6-
B-OH cortisol, HVA and ascorbic acid levels in urine of
animals treated with aqueous and ethanol extracts of
Morus alba in the normal state. There was variation from
day to day and the variation is different from group to
group. However observed the changes in the levels of
the urinary metabolites when compared to normal basal
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levels were found to be non-significant. Aqueous and
ethanol extracts of Morus alba significantly (P<0.05)
diminished urinary levels of VMA, 5-HIAA, 6-p-OH

cortisol and HVA in group II, Ill, IV and V, also significant
increased (P<0.05) in urinary ascorbic acid levels was
perceived in group II, lll, IV and V compared to their

respective stress condition.
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Figure 7: Influence of aqueous and ethanol extracts of Morusalbaon 24h urinary levels of HVA in normal and stress
induced rats. Each bar indicates the mean excretion of six animals. ***P<0.0001, **P<0.001 significant difference
from normal condition of the corresponding groups; *##*P<0.0001, **P<0.001, *P<0.01 significant difference from

stress condition of the corresponding groups.
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Figure 8: Influence of aqueous and ethanol extracts of Morusalba on 24h urinary levels of VMA in normal and stress
induced rats. Each bar indicates the mean excretion of six animals. ***P<0.0001 significant difference from normal
condition of the corresponding groups; **#*P<0.0001, **P<0.001 significant difference from stress condition of the

corresponding groups.
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Figure 9: Influence of aqueous and ethanol extract of Morusalba on 24h urinary levels of 6-B-OH-Cortisol in normal
and stress induced rats. Each bar indicates the mean excretion of six animals. **P<0.001, *P<0.01 significant
difference from normal condition of the corresponding groups; **#*P<0.0001, *#P<0.001 significant difference from
stress condition of the corresponding groups.
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Figure 10: Influence of aqueous and ethanol extracts of Morusalba on 24h urinary levels of 5-HIAA in normal and
stress induced rats. Each bar indicates the mean excretion of six animals. ***P<0.0001, **P<0.001 significant
difference from normal condition of the corresponding groups; **#*P<0.0001, *#*P<0.001 significant difference from
stress condition of the corresponding groups.
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Figure 117: Influence of aqueous and ethanol extracts of Morusalba on 24h urinary levels of Ascorbic acid in normal
and stress induced rats. Each bar indicates the mean excretion of six animals. ***P<0.0001, **P<0.001, *P<0.01
significant difference from normal condition of the corresponding groups; *#*#P<0.0001, **P<0.001 significant
difference from stress condition of the corresponding groups.

IV. DISCUSSION

Stress represents reactions of the body to a
stimulus that tends to modify homestasis (Selye, 1998).
Stress hormones are synthesised during stress
condition for example the catecholamines (epinephrine
and norepinephrine) produced by the SNS, and
corticosteroids, produced by the ACTH stimulated
adrenal cortex and glucocorticoid stimulated increase in
serotonin are the major stress hormones (Uresin et al.,
2004). In the current investigation, VMA as the peripheral
metabolite of NA, 5-HIAA as the main metabolite of
serotonin, 6-B-OH cortisol as metabolite of cortisol, HVA
as the predominant metabolite of dopamine and
ascorbic acid as a metabolite of glucose (in rats) were
taken as an non-invasive biomarkers to display the
increase in peripheral sympathetic activity during stress
to assess the anti-stress activity of aqueous and ethanol
extracts of Morus alba. The data indicated that VMA, 5-
HIAA, 6-B-OH cortisol, HVA and ascorbic acid were
excreted in urine daily at certain levels (basal values) as
metabolites of NA, 5-HT, cortisol, DA and glucose
respectively. The stress affected on the neurotransmitter
levels and increased VMA, 5-HIAA, 6-B-OH cortisol, HVA
and diminished ascorbic acid excretion. When aqueous
and ethanol extracts of Morus alba administered to
normal animals did not change VMA, 5-HIAA, 6-3-OH
cortisol, HVA and ascorbic acid in comparison with
basal values but prior administration of aqueous and
ethanol extracts of Morus alba to stress induced rats
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exhibited  the reduction in urinary  VMA,
5-HIAA, 6-B-OH cortisol, HVA and increased the
ascorbic acid levels in dose dependent manner. The
previous phytochemical evaluation of Morus alba
divulged the presence of phenolic compounds such as
flavonoids (Quercetin, rutin), tannin which could be
expected to be responsible for anti-stress activity
(Ayoola et al., 2011). As VMA is a metabolite of
norepinephrine  (NE) and NE is synthesized by
dopamine. Previous reports exhibited that these
phytochemicals can bind to the GABA,-BZDS complex,
consequently, enhance GABA level and decline
dopamine and decrease plasma corticosterone level
that lead to reduce level of VMA and 6-B-OH cortisol
repectively (Patil et al., 2006). Phenolic compounds such
as flavonoids showed the affinity towards D, receptor;
hence they can block the dopamine receptor and
decrease the serotonin which causes to decrease level
of HVA (Samson et al., 2006). These active compounds
can prevent activity of tryptophan hydroxylase enzyme
which is involved in the biosynthesis of 5-HT, thus, they
can reduce level of 5HIAA ultimately (Singh et al., 1990).
Ascorbic acid is also utilized as a co-factor in the
biosynthesis of NE from DA may also attribute to low
concentration of ascorbic acid in urine. Hence, effect of
these bioactive compounds on reduction of dopamine
synthesis that can influence on the increase of urinary
level of ascorbic acid.



V. CONCLUSION

The present investigation manifest that aqueous

and ethanol extract of Morus alba have anti-stress
activity due to normalization of monoamines and
glucocorticoids homeostasis by acting on HPA axis and
SNS.
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Metformin: A Unique Herbal Origin Medication

Nadin Yousef ®, Farah Yousef °, Oussama Mansour °? & Jehad Herbali ©

Abstract- Many oral anti-hyperglycemic agents have been
used for treatment of Type Il diabetes (TY2D), yet Metformin,
the only compound remained of biguanide derivates,
continued to be used in this treatment. Its mechanism of
action and pharmacokinetics are unique and significant. It has
low side effects and no adverse incidences with healthy heart
and kidney T2D, compared with its family group members.
The previous properties made metformin tops the oral anti
hyperglycemic agents list recommended from FDA in TY2D
therapy. In this review paper, we aimed to point at bi-guanide
development through time as glucose lowering agents, and
show the magnificent characteristics of dimethylbiguanide;
metformin.

I. INTRODUCTION

a) Origin Background
n 1920s, guanidine based compounds were firstly
known with their efficacy as anti-hyperglycemic
agents M, yet their origins go back to 1600s, when a
plant; Galega officinalis, was commonly used in
European Folklore to decrease the symptoms of what
it's known today as type Il diabetes (TY2D).2 [

Although this plant, also known as Goat's Rue
or French Lilac, was found, in late 1800s, to be full of
guanidine and galagine; isoamylene guanidine, ! € [7]
however the efficacy of guanidine to lower blood
glucose levels was not proven in animals till 1918.

This invention struggled some challenges as the
toxicity of guanidine decreased its chance as a potential
hypoglycemic drug, and the discovery of safer
guanidine based structure compounds was somehow
not succeeded by scientists, as well. Moreover, that the
era of insulin discovery and availability by that time
downplayed guanidine effectiveness role in diabetes
treatment.!

Through what the world had witnessed of crises
in 1900s, Researches did not stop investigating G.

NH

B

HoN NH,

Guanidine

officinalis; there were still eyes on galagine as safer anti
hyperglycemic agent than guanidine.

However, that was not for too long with the
presence of diguanide compounds; decamethylene
diguanide (Synthalin A®) and dodecamethylene
diguanide (Synthalin B®) in the clinical use by the same
period of time.

These diguanide compounds were more
tolerated than guanidine compounds, but their hepatic
toxicity reports in 1930s were the cause of not
prescribing them any longer by medical professionals.®

Although many guanidine compounds were
synthesized in 1929, but biguanide derivates did not see
the light till the later of 1950s. Phenoformin was
discovered by Urgan and Shapiro and it was introduced
to the medical usage in 1958 with DPI®.®l While
Buformin was discovered by Mehnert.!'%

In spite of these two proved greater efficacy
than our unique compound, the lactic acidosis
incidences that follow the use of them resulted in
withdrawing them from the market in 1970s. [ 1121113

Metformin; Dimethyl-biguanide, the only bi-guanide
remained in TY2D remedy, was developed by Jean
Sterne in France. His results were published in 1957 and
he was the one who named metformin as
“Glucophage”; glucose eater.!" '* Yet, American Food
and Drugs Administration did not approve on metformin
usage in the U.S market till 1995, ['®

b) Bi-guanide chemical development

Guanidine and galagine structures are shown in
fig 1. Di-guanide compounds are presented in fig 2, and
Biguanide compounds have the general structure
shown in fig 3. These compounds’ structures are shown
in fig 4.7 Their chemical and physical properties are
shown in Table 1.

)\/\ g
“ ﬁLNHz

Galagine

Figure 1: Guanidine and Galagine structures
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Figure 4: Biguanides’ compounds
Table 1. Chemical properties of biguanide derivates ['®
Compound M. Log Hydrogen bound | Hydrogen bound | Dosage Rel.
: PKa
Name Weight P Donner count acceptor count mg\day | potency
Synthalin A 370.23 N\VA | NA 5 7 N\A N\A
Synthalin B 357.368 N\A N\A 4 4 N\A N\A
Buformin 157.221 -1.2 | NA 3 1 N\A N\A
Phenoformin 241.723 | -0.83 | N\A 4 1 N\A N\A
Metformin 129.167 -05 | 124 3 1 500\3 N\A

Metformin is the safest biguanide derivates in
use by TY2D patients.!'! As can be inferred from
metformin structure, it is a bi-guanide derivate, no (CH,),
chain separates between the two guanidine groups. R;,
R, are small alkyl groups (-CH,).

On the other hand, di-guanide derivates have
been withdrawn from the market due to their adverse to
toxic effects; Synthalins for their hepato-toxicity, while
phenoformin and buformin; bi-guanide derivates, for
their lactic acidosis incidences. !'®

As can be seen from their structures, having
(-CH,-),o chain, (-CH.-),, chain separating between two
guanidine groups as there are respectively in Synthalin
A and Synthalin B, or (Ar-CH,-CH,-) moiety as it is in

phenoformin, might be responsible for the undesirable
effects of these compounds. However, their anti-
hyperglycemic efficacy were stronger than metformin.

This can indicate an inquiry that does
shortening (CH,),; n<10, or having other small or cyclic
moieties on the both terminal NH, can take a part in
these compound efficacy or decrease the adverse
effects biguanide compounds struggled with?! This
hypothesis is still in question.

Recent research has proven that a number of
other biguanide hydrochloride derivates also have anti
diabetic activity. One of them, actually has a di-
oxymethyl benzene moity in its chemical Skelton.
Structures of these compounds are shown in fig (5).

NH NH
_Hd ) | | _HQ

NH;

Figure 5: Biguanide derivates work as anti diabetic agents
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c) Metformin Synthesis

Shapiro had prepared metformin from the
reaction between dimethylamine hydrochloride and
dicyano diamide at 120-140 °C in 4 hrs time with 69%
yield. 1

New route was used in this synthesis. This
ecologically safe protocol using microwaves; 540W,

shortens the reaction time; 5mins, reduce the amount
used of solvents, to obtain a clean product with yield of
92% by optimum use of energy and tiny amounts of
reacted materials. Fig (6) #?

CHa.

NH.HCL MNH
HoMN //' NH
N L |
c——N C=——N + - e
- R N — NH.C.MH . HC
7 q MW 5min, 540W P c zHCL
HEH CH4 3

Figure 6: New synthesis route for metformin

d) Metformin unique Characteristics

i. Pharmacodynamics

According to American Diabetes Association,
metformin is the first-line drug for treatment of T2D
patients in the world. Metformin can be considered
Sugar Regulator rather than anti-hyperglycemic
agent.?3 24

Its mechanism of action does not differ from
phenoformin’s. They both increase AMPK activation in
hepatic cells.[ 31281 Rgcent research demonstrates that
their pharmacodynamics play deeper role interacting
with cellular bioactivity. they interact with Hepatic
Mitochondrial Respiratory Chain Complex 1( H* giant
pump) [27] [28] [29]

This results in decreasing the cellular
production of ATP.B% In both ways, Energy sources in
hepatic cells are reduced resulting in enhancing insulin
receptor sensitivity toward insulin."

That makes the main peripheral targeted cells;
skeletal muscle, and hepatic cells, stop glycogenesis
operation and produce more insulin receptors and
Glucose Transporter 4 (GLUT-4) to augment glucose
inwardly transportation, %2 (331 [34] (35]

ii. Pharmacokinetics
No information was provided about biguanide
derivates’ pharmacokinetics but for Metformin. It is 50-
60 % absorbed after an oral single dosage of (500. 850,
1000) mg. Its protein binding percentage is negligible. It
is eliminated unchanged in the urine.® ¥ |ts half-life is
6.2 hours with duration of action 8-12 hours.
iii. Superiority
Hundreds of efficacy studies verified metformin
superiority to the rest of his family members, and other
chemical groups, used in Type Il diabetes therapy.®® ]
Likewise, toxicology experiments affirmed its narrow
toxicity margin. Metformin advantage\ risk scale brought
it to be the first drug in the guideline of initial remedy of
Type Il diabetes. HO#1
As glucose blood levels become uncontrollable
by time due to disease progression in TY2D and the life
styles in many communities facilitates in this falling

back, many oral anti hyperglycemic agent combinations
with metformin presented in the drug market, 1421431 [44]

Metformin combination with Sulfonyl-urea is
very common. In fact, this double combination has
proven more efficacy than if each drug was solely taken.
Glucovans ® is the trade name of metformin and
glyburide combination. 15 41

Above all that, this ancient-modern small
molecule can be used in adolescents and childhood, as
TY2D since 1990 started to be caused not only in adults
but also in children. #7114

e) Side Effects and Other benefits

Metformin has no significant side effects with its
labeled dosage. The most frequently reported
adverse events were digestive disturbance such as
stomach ache, diarrhea, and vomiting. It also may
cause headaches.

However, these undesired effects can be
reduced when metformin is taken during meals, or as
extended release pharmaceutical forms; metformin
XR. BB Fyrthermore, metformin  reduces mortality
compared to other anti-diabetic agents.*?

This magical bi-guanide compound
distinguished itself from other oral anti hyperglycemic
agents side effects. Its usage does not lead to clinical
hypoglycemia, lactic acidosis, or changes in physical
examinations. Yet, rare lactic acidosis reported in some
cases where over dosage was taken. %54

In other words, Metformin magnificent side
effect in its modest losing weight assistant made it
likable to be prescribed by medical professions for
obese TY2D patients. 5151 [57]

This significant usage was especially observed
in obese children with or without Type Il diabetes (TY2D)
compared to diet. Proposed mechanism of this effect is
by reducing glucose absorption levels. 58 591160 61 62]

This herbal origin drug is also used in poly
cystic ovary.® B4 | atest researches deepens its
effectiveness in Cancer treatment, as well.[% [66 7]
Besides to that, metformin has proven anti stress
efficacy that led it to be used in inflammatory cases, and
anti-aging factor, t0o.®
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Furthermore, clinical studies verified its role in
decreasing cardiovascular mortality by decreasing
cholesterol blood levels and macro vascular cells’
formation. 2% 1691 [70)

Metformin proved its positive role in metabolic
syndrome patients, as well as it enhances neuron
system health. ' 72 173]

i. Contraindications

Heart failure is considered a potential
contraindication for metformin usage in T2D treatment.
Though lactic acidosis incidences are rare with
metformin, yet this metabolic disturbance might be fatal
in heart failure patients as it leads to hypo-perfusion.t’
5 Despite this potential risk, yet FDA did not announce
heart failure as contraindication for metformin.l’®

Because metformin is eliminated unchanged in
the urine, renal failure is another metformin
contraindication. However, the level of renal dysfunction
was not determined in which to be considered risky for
metformin usage or not to avoid lactic acidosis
incidences.l"" 1781 179]

ii. Drug Interactions
On the long term of taking, Metformin
decreases the absorption of vitamin B,,.t% Y Renal
eliminated drugs such as digoxin, ranitidine,
trimethoprime and many others also has interaction
with metformin way of elimination.

ii. Prescriptions in the Market

Though metformin was shadowed from the time
it was synthesized; 1920s, passing by its development
in 1950s, till it was approved by FDA in 1995; nowadays,
Metformin is categorized as essential drug in the World
Health Organization's (WHO) lists for TY2D treatment. &2

Bristol-Myers Squibb Company ; an American
pharmaceutical global company, got the protection
patent of marketing metformin under the trade name
Glucophage till 2002.% Its prescriptions extended 50
million filled in the US alone, and Bristol-Myers Squibb
earnings of this investment reached peak sales of
US$2.7 billion in 2001. 84

By the time the protection patent expired, many
companies such as Lubrizol, Zydus Pharmaceuticals
and others compete for marketing approved generics
such as Glucophage, Glucophage XR, Riomet,
Fortamet, Glumetza, Jentadueto, JANUMET® XR,
Synjardy®, INVOKAMET ™.

Due to this strong market completion, It is
expected that metformin market value increase 2.1% in
2021 compared with its market value in 2014. It is
estimated that metformin market value in 2014 was 660
million USD. As global statics indicate, this might reach
720 million USD in 2021.

[I. CONCLUSION

We tried in this review to shed
biguanide discovery history and the

light on
chemical

© 2017 Global Journals Inc. (US)

differences among this group compounds that are in a
way or another responsible of their characteristics.

However, We look forward for more researches
to be done in this field in aim to have as modified
structures as it can be done to have better anti-
hyperglycemic agents with less side effects and proven
efficacy.
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Abstract- Mulberry (Morus alba L) species is native to northern China and is widely cultivated various Asian
countries such as Japan, Iran, etc. Morus alba was traditionally used in Chinese medicinal remedy for
ailments of bronchitis, insomnia, constipation and inflammatory. The research was planned to appraisal
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Absiract- Mulberry (Morus alba L) species is native to northern
China and is widely cultivated various Asian countries such as
Japan, Iran, etc. Morus alba was traditionally used in Chinese
medicinal remedy for ailments of bronchitis, insomnia,
constipation and inflammatory. The research was planned to
appraisal nootropic activity of aqueous and ethanol extracts of
Morus alba using conditioned avoidance response in rat and
estimation of acetyl cholinesterase activity by Ellman’s method
in rats. Conditioned avoidance response was evaluated by
using the Perspex chamber apparatus. Animals were treated
with scopolamine butyl bromide (1mg/kg bw, i.p) thirty minutes
before foot shock to produce amnesia. Animals were trained
to jump on the pole to avoid shock with receiving daily oral
dose of aqueous and ethanol extracts of Morus alba at dose of
200 and 400 mg/kg body weight one hour before the induction
of foot shock. The esterase activity was measured
by providing an acetyl thiocholine which cause to release
thiocholine as result of cleaving by AChE. Thiocholine reduced
5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) to thionitrobenzoic
acid which absorbed light at 412 nm. The groups treated with
aqueous and ethanolic extracts of Morus alba were found to
nootropic activity by reversing the scopolamine induced
amnesia. Acetyl cholinesterase inhibitory activity of extracts of
Morus alba were performed the supportive nootropic activity
by enhancing the cognitive function.

Keywords: morus alba, nootropic —activity,
cholinesterase.

acetyl

[. INTRODUCTION

ootropic compounds exhibit a novel class of
psychotropic agents with selective facilitating

neural activity on integrative function on the
central nervous system, especially on intellectual
performance, memory and learning capacity (Giurgea,
1973). Indian herbal remedies have been used in the
treatment of epilepsy, cognitive dysfunction and
insomnia (Bhanumathy et al., 2010) such as Baccopa
monniera and Centella asiatica (Mohan et al., 2005).
There is crucial evidence that stress can modify
cognitive  functions which can lead to various
neurodegenerative  disorders such as Parkinson’
disease or Alzheimer’ disease (Koppula and Choi,
2011).
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The central cholinergic system is surveyed to be
main neurotransmitter involved in the modulation of
cognitive functions. Acetyl cholinesterase has closed
interrelation  activity with cholinergic function and
cognition. Consequently assessment of AChE activity
can supply a vital correlation of cognitive function and
cholinergic activity (Srikumar et al.,, 2004). The Indian
system of medicine emphasizes use of herbs for
neurodegenerative  disorders  (Jakka Al,  2016).
Accordingly the current research was investigated for
nootropic activity of aqueous and ethanol extracts of
Morus alba.

[I. MATERIALS AND METHODS

a) Plant material and Preparation of extracts

The fruits of Morus alba were collected from
Chennai, Tamil Nadu, India and authenticated by Green
Chem, Bangalore, Karnataka, India, a voucher
specimen (MAT-SIP-501) were preserved for future
references. The fruits materials (1kg) were dried,
powdered and extracted with water and ethanol (60-
80°C) using soxhlet methods. The filtrate was
evaporated at 70 °C in a vacuum dryer to give final yield
40.5¢g.

b) Chemicals

Scopolamine butyl bromide and piracetam
procured from Stride acrolabs Ltd, Bangalore, India.
Other chemicals were analytical up grade and acquired
from local store of Visveswarapura Institute of
Pharmaceutical Sciences.

c) Animals

Male albino wistar rats (180-200gm) acquired
from the NIMHANS animal house, Bengalore. The
animals were kept under standard conditions in an
animal house as per the guidelines of "Committee for
the Purpose of Control and Supervision on Experiments
on Animals" (CPCSEA) for at least one week prior to use.
The rats had free access to standard rat chow and water
ad libitum. The study protocol was approved by
Institutional ~ Animal  Ethics  Committee  (IAEC),
Visveswarapura Institute of Pharmaceutical Sciences,

Bangalore. (Registration No: 152/1999, renewed in
2012).
d) Conditioned avoidance response (Perspex chamber

apparatus)
Animals were subjected to a training schedule
individually by placing inside the perspex chamber of
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the apparatus 60 minutes after oral administration.
Buzzer was given followed by a shock through the grid
floor. The rat had to jump on the pole to avoid foot
shock. Jumping prior to the onset of the shock was
considered as avoidance. The session was terminated
after completion of 30 trials with an interval of 20-30
seconds given for each trial. This procedure was
repeated at 24 h intervals until all groups reach 95 to
99% avoidance. After attaining complete training of a
particular group, the animals were treated with a single
dose of scopolamine butyl bromide (1 mg/kg body
weight, i.p.), thirty minutes before the next day dosing.
The training schedule was continued further with the
daily doses of the aqueous and ethanol extracts of
Morus alba until they returned to normal level from
scopolamine induced amnesia (Cook and Weidley,
1957).

e) Estimation of acetyl
Ellman’s method

Rats were decapitated; brains were removed
rapidly and kept in ice-cold saline. Frontal cortex,
hippocampus and septum were quickly dissected out
on a petri dish chilled on crushed ice. The tissues were
homogenized in 0.1m Phosphate buffer. Added 0.4 ml
of the homogenates to 2.6 ml phosphate buffer and 100
ul of DTNB. Absorbance was measured at 412 nm in a
UV spectrophotometer. When absorbance reaches
stable value, it was recorded as the basal reading.
Added 20ul of acetyl thiocholine iodide and recorded
the change in the absorbance for a period of 10
minutes. Change in the absorbance per minute was
determined. The enzyme activity is calculated using the
following formula (Srikumar et al., 2004):

R=5.74 x 10* x A/CO

R= Rate in mole of substrate hydrolysed/minute/gm
tissue

A= Change in absorbance/ minute

CO= Original concentration of the tissue (mg/ml)

cholinesterase activity by

) Treatment schedule

For conditioned avoidance response in rat,
wistar albino rats were divided into 5 groups consisting
of 6 animals in each group. Group 1 rats served as
normal control and received 2mi/100g bw distilled water,
group 2,3 rats received aqueous extracts Morus alba
orally at dose of 200 mg/kg and 400 mg/kg respectively.
Group 4,5 rats were administrated orally with ethanol
extracts of Morus alba at dose of 200 mg/kg and 400
mg/kg respectively and for estimation of acetyl
cholinesterase activity by Ellman’s method in rats, wistar
albino rats were divided into 6 groups consisting of 6
animals in each group. Group 1 was vehicle group
(Distilled water 2ml/100g bw). Group 2 received
standard drug piracetam 200mg/kg i.p. Group 3,4 rats
were administrated orally with aqueous extracts of
Morus alba at dose of 200 mg/kg and 400 mg/kg
respectively. Group 5,6 rats received ethanol extracts of

© 2017 Global Journals Inc. (US)

Morus alba orally at dose of 200 mg/kg and 400 mg/kg
respectively.

g) Statistical analysis

The data were expressed as mean * S.E.M.
Results were statistically analysed by using one way
ANOVA followed by Dunnett’s test and p < 0.05 was
considered as statistically significant.

I11. RESULTS

a) Evaluation of the nootropic activity of aqueous and
ethanol extracts of Morus alba using conditioned
avoidance response (CAR) in rats

Figure 1 exhibits the effects of aqueous and

ethanol extracts of Morus alba on mean percentage of
conditioned avoidance response after oral
administration in rats. The CAR of rats treated with the
aqueous and ethanol extract of Morus alba and vehicle
increased gradually to 95% over eight to ten days. The
percentage avoidance was higher in the groups
administered with aqueous and ethanol extract of Morus
alba compared to vehicle treated control group. The
acquisition (time to achieve 95% CAR) for the groups
treated with aqueous and ethanol extracts of Morus alba
was quicker and found to be dose dependent. Animal in
group Il and Ill administered with aqueous extract of
Morus alba at a dose of 200 mg/kg p.o and 400 mg/kg
p.o have taken ten days and nine days respectively to
reach the point of acquisition. Whereas animals in group
IV and V administered with ethanol extract of Morus alba
at a dose of 200 mg/kg p.o and 400 mg/kg p.o have
taken nine days and eight days respectively to reach the
point of acquisition. Administration of scopolamine
produced amnesia as seen from reduction in the
observed CAR. The amnesia was found to be greater in
control group compared with the groups treated with
aqueous and ethanol extract of Morus alba and was also
found to be dose dependent. Animals treated with
aqueous extract of Morus alba at a dose of 200 mg/kg
and 400 mg/kg had taken five and four days whereas,
group treated with ethanol extract of Morus alba at a
dose of 200 mg/kg and 400 mg/kg had taken three days
each to reach the point of acquisition after
administration of scopolamine butylbromide. The control
group had taken eleven days for retention and recovery
from scopolamine induced amnesia.
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Figure 1: Effect of aqueous and ethanol extracts of Morus alba on mean percentage of conditioned avoidance
response after oral administration in rats. Scopolamine butylbromide (SBB) was administered 30 minutes before next
day dosing with the extracts after attaining complete acquisition. MAAE: aqueous extract of Morus alba, MAEE:

ethanol extract of Morus alba.

b) Estimation of acetyl
Ellman’s method

Figure 2 manifests the effects of aqueous and
ethanol extracts of Morus alba on acetylcholinesterase
(AChE) activity in rats’ brain. The groups treated with
aqueous and ethanol extract of Morus alba had
indicated decrease in AChE activity as compared to
control group.  Control group had showed 7.460 X 10”7
umol/min/g tissue of acetylcholinesterase activity in rat
brain. Prior administration with Piracetam (standard) had
showed a significant reduction in acetylcholinesterase

cholinesterase activity by
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activity 4.010 X 107 umol/min/g. Prior administration of
aqueous extract of Morus alba at dose of 200 mg/kg p.o
and 400 mg/kg p.o have showed non-significant
decrease in acetylcholinesterase activity 6.820 X 107
and 6.320 X 107 umol/min/g respectively as compared
to control group. However, significant decline was
observed in groups treated with ethanol extract of Morus
alba at dose of 200 mg/kg p.o and 400 mg/kg p.o with
acetylcholinesterase activity 4.940 X 107 umol/min/g
(P<0.01) and 4.540 X 107 umol/min/g (P< 0.001)
respectively as compared to control group.
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Figure 2: Effect of aqueous and ethanol extracts of Morus alba on acetylcholinesterase (AChE) activity in rat’s brain.
Data is expressed as mean + SEM. Statistical analysis was done by one-way ANOVA followed by Dunnett’s test.
**P< 0.01 and ***P< 0.001 were considered statistically significant.
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V. DISCUSSION

The original definition for nootropics was laid
out by Dr. Corneliu E. Giurgea in 1972 who also is the
inventor behind Piracetam. The word itself is taken from
the Greek language and is a combination of two words:
'noos" (mind) and ‘"tropein" (turning). It is literally
translated as “towards the mind” or “affecting the mind”,
it means enhancement of learning and memory
(Shivkumar et al, 2011). A nootropic drug is
distinguished by activating of the higher integrative brain
mechanisms directly which lead to enhance cortical
vigilance, a telencephalic functional selectivity, and a
particular efficiency in restoring deficient higher nervous
activity (Giurgea, 1973). These drugs have particularly
the intellectual performance, learning capacity and
memory. Nootropics drug can work out by mechanism
of action of increasing the brain supply of
neurochemicals, improving brain oxygen supply or by
stimulating nerve growth. The learning and memory is
closely allied with functional status of central cholinergic
system (Shivkumar et al., 2011). In the current
investigation, administration of aqueous and ethanol
extracts of Morus alba in wistar rats exhibited significant
improvement in memory functions by reversing the
scopolamine butyl bromide induced amnesia in learning
and memory task performed on perspex chamber of the
apparatus. The scopolamine model recommends that
the cognitive deficits that can be observed after
scopolamine treatment are directly associated to a
decline in central cholinergic functions (Ellis and Nathan,
2001). The memory and learning is tightly related to the
functional status of the central cholinergic system, the
basal forebrain provides the major source of cholinergic
input to the neocoretx and hippocampus (Shivkumar et
al., 2011). Pervious literatures have shown that
scopolamine impairs retrieval memory in rats and such
amnesia is associated with elevated MDA and reduced
GSH levels (Koppula and Choi, 2011). Since oxidative
stress has been implicated in the pathophysiology of
dementia, and also scopolamine has been reported to
elevate rat brain oxidative stress, scopolamine-induced
amnesia in rats could be used as a valid model to
screen drugs with potential therapeutic benefit in
dementia (Shivkumar et al., 2011). Nalini et al, correlated
the improvement in learning and memory to the
reduction in the levels of NE, DA and 5-HT (Nalini et al.,
1995). The previous phytochemical investigation of
Morus alba manifested the presence of phenolic
compounds such as flavonoids (Quercetin, rutin), tannin
which could be responsible for nootropic activity
(Srikumar et al., 2004). NE is synthesized by dopamine.
Previous reports displayed that these phytochemicals
can diminish dopamine level and also these bioactive
compounds can prevent activity of tryptophan
hydroxylase enzyme which is involved in the
biosynthesis of 5-HT (Bharani et al., 2010). ACh has a
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crucial role in the enhancement of sensory perceptions
and in sustaining attention. Damage to the cholinergic
system has been exhibited to be possibly related to the
memory deficits associated with alzheimer’'s disease.
Inhibition of ACh hydrolysis may be achieved through
the use of AChE inhibitors (Jagetia et al., 2004).
Agueous and ethanol extracts of Morus alba showed
significant decrease in AChE activity in a dose
dependent manner, hence maintaining the acetylcholine
level which is responsible for memory. Flavonoids may
mimic the actions of estrogens in the brain (Jager and
Saaby, 2011) or may influence the synthesis of
acetylcholine and neurotropic factors such as BDNF
and nerve growth factor in hippocampus and frontal
cortex. Morus alba contains flavonoids (Ayoola et al.,
2011) as one of its active constituent which expected to
be responsible for acetylcholine synthesis and
improvement of memory.

V. CONCLUSION

The current research evinces that aqueous and
ethanol extracts of Morus alba have nootropic activity so
it can be appraised worthwhile for supportive therapy in
memory deficits associated with alzheimer’'s disease or
amnesia.
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The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind ——
peer reviewed paper at their end to the board for the verification and to get ‘fafsssa
recommendation for final stage of acceptance of publication. ;

2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions .
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so VA
that proper amendment can take place for the benefit of entire research community.\/@/
We shall provide details of particular standard only on receipt of request from the{']

Board.

The board members can also join us as Individual Fellow with 40% discount on total

fees applicable to Individual Fellow. They will be entitled to avail all the benefits as

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.

Journals Rescar
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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
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®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 """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional 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 1

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. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

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.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
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
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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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 Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
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) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() 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"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e 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.

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



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 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 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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e 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.

e 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.

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

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

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

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

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

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

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

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

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

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

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

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

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

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

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

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

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

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

records.

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

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

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

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

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

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

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, | 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
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

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

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

XVII



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

e |nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

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

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline 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:

e  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.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  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.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, 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
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.

e |[f 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.

e If well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t 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.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

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

Results:

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

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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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.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f 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
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure 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.
®  Tryto 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?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

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.

. 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.

e 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.
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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

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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