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Efficacy and Safety of Vitamin D; (Cholecalciferol) Oral Solution
Compared to Tablet and Capsule: A Randomized, Parallel-Design,
Active-Controlled Study

By Krishnakumar M. Nandgaye, Santoshi B. Kadam & Dr. Prashant J. Palkar
Abstract- We performed a study to compare the efficacy of Vitamin D, oral solution with a
conventional tablets and capsules in hypovitaminosis D patients. One hundred eighty subjects
were divided into three different groups and received vitamin D; 60000 IU per week for eight
weeks either in the form of an oral solution or a tablet or a capsule. A significant increase in
serum 25(0OH)D was observed in vitamin D, oral solution from baseline (P=0.0001) as compared
to a tablet (P=0.0001) and capsule (P=0.0001). A significant decrease in iPTH levels was seen
in the vitamin D, oral solution group from baseline (P=0.0001) and also as compared to a tablet
(P=0.0001) and capsule (P=0.0001). Oral solution of vitamin D, is a nanotechnology-based
formulation which was found to be effective and safe. Thus, treatment with vitamin D, oral
solution in hypovitaminosis D patients may result in faster and higher improvement in the
normalization of vitamin D levels.
Keywords: nanotechnology, hypovitaminosis D, vitamin D, oral solution, vitamin D, 60000 IU.
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Efficacy and Safety of Vitamin D,
(Cholecalciferol) Oral Solution Compared to
Tablet and Capsule: A Randomized,
Parallel-Design, Active-Controlled Study

Krishnakumar M. Nandgaye °®, Santoshi B. Kadam® & Dr. Prashant J. Palkar®

Abstract- We performed a study to compare the efficacy of
Vitamin D, oral solution with a conventional tablets and
capsules in hypovitaminosis D patients. One hundred eighty
subjects were divided into three different groups and received
vitamin D,;60000 U per week for eight weeks either in the form
of an oral solution or a tablet or a capsule. A significant
increase in serum 25(0H)D was observed in vitamin D, oral
solution from baseline (P=0.0001) as compared to a tablet
(P=0.0001) and capsule (P=0.0001). A significant decrease in
iPTH levels was seen in the vitamin D, oral solution group from
baseline (P=0.0001) and also as compared o a tablet
(P=0.0001) and capsule (P=0.0001). Oral solution of vitamin
D, is a nanotechnology-based formulation which was found to
be effective and safe. Thus, treatment with vitamin D, oral
solution in hypovitaminosis D patients may result in faster and
higher improvement in the normalization of vitamin D levels.
Keywords. nanotechnology, hypovitaminosis D, vitamin
D, oral solution, vitamin D, 60000 IU.

l. [NTRODUCTION

he prevalence of hypovitaminosis D indicates that
Tit is a common and notable problem worldwide, as

identified in numerous epidemiological studies (1).
Environmental factors, such as increased air pollution
and reduced ultraviolet B (UVB) irradiation, as well as
lifestyle factors, i.e., decreased outdoor activities and
less intake of vitamin D-rich food, are likely involved in
the etiology of a dramatic reduction of vitamin D
circulating levels (2). The insufficiency and deficiency of
vitamin D raises public health concern since it is
independently associated with a higher risk of all-cause
mortality (3, 4). Hypovitaminosis D has long been known
to increase the risk for osteoporosis and rickets. Only in
the last decades, it has been linked with various chronic
pathological conditions, i.e., cancer, coronary heart
disease (CHD), non-insulin  dependent diabetes,
neurological disorders, as well as autoimmune and
inflammatory diseases (5, 6). The community-based
Indian studies of the past decade done on apparently
healthy controls reported a prevalence ranging from
50% to 94% (7).

Author a o p: Department of Medical Services, Akumentis Healthcare
Ltd., G-Corp Tech Park, Kasarvadavali, Near Hypercity, Ghodbunder
Road, Thane (West), Maharashtra, India.

e-mail: krishnan@myakumentis.com

Treatment with either vitamin D, (ergocalciferol)
or vitamin D, (cholecalciferol) has been recommended
for vitamin D deficient patients (8). Nevertheless, as per
evidence, vitamin D, are superior at raising serum
25(0OH)D concentrations than vitamin D,, and thus
vitamin D, could potentially become the preferred
choice for supplementation (9). Vitamin D is a fat-
soluble vitamin and it has a poor bioavailability, which
significantly reduces its efficacy as disease-combating
agent (10). Oral dosage forms like tablet, capsule, and
oral solutions have different absorption rates. The
efficiency of oral absorption of conventional vitamin D;is
approximately 50% (11). In general, the availability for
the absorption of a drug is more in oral solutions
comparing to the capsule and tablet, respectively (12).
In accordance to this, our previous bioequivalent study
conducted in healthy volunteers, in which we had first
time compared three different formulations (tablet,
capsule, and oral solution) of vitamin D, and proved that
the C,. and AUC of an oral solution of vitamin D, are
higher than that of the tablet and capsule (13). The aim
of the present study is to compare and assess the
efficacy of oral solution of vitamin D, with that of tablets
and capsules in  hypovitaminosis D  patients.
Furthermore, this is the first study to our knowledge to
compare three different formulations of vitamin D in
hypovitaminosis D subjects.

[I. METHODS

a) Study Design

The present study was a multi-centre, parallel-
group, active-controlled study to evaluate the safety and
efficacy of vitamin D, oral solution Hi-D™ containing
vitamin D; 60000 IU of Akumentis Healthcare Limited,
India (oral solution group) comparing with two reference
products, D, MUST™ 60K, a tablet containing vitamin D,
60000 U of Mankind Limited (tablet group), and
Uprise-D, 60K®, a capsule containing vitamin D, 60000
IU of Alkem Limited, India (capsule group) in patients
with hypovitaminosis D. This study was performed from
9 April 2019 to 13 September 2019.

The study was carried out in compliance with
the protocol by current local legislation, International

© 2020 Global Journals

Global Journal of Medical Resecarch ( B) Volume XX Issue V Version I ' Year 2020



H Year 2020

(B)

Council on Harmonization of requirements for
registration of pharmaceuticals for human use-Good
Clinical Practice (ICH-GCP).

The study protocol (version no.: 01 dated 19
December 2018) and the informed consent form in
English (version no.: 01 dated 26 December 2018) &
Marathi (version no.: 01 dated 31 December 2018)
languages were used for obtaining written informed
consent from each of the subjects were approved by the
Ethics Committee on 27 February 2019, i.e., before the
commencement of the study.

b) Subjects

Total 180 subjects, male and female, were
enrolled in this study with the mean age of 43.9+16.63
years (minimum - 19 years and maximum - 89 years).
The inclusion criteria for participants were that they
should be >18 years of age at the time informed
consent was obtained, have subnormal serum 25(0OH)D
levels on screening, female patients with negative urine
or serum pregnancy test within seven days before
baseline visit. Participants were excluded if they were
with clinical signs or symptoms of overt metabolic bone
disease such as bone pains, myopathy or fractures; with
history of Gl malabsorption, abnormal liver, renal or
heart function, or underwent gastrointestinal surgeries in
the  past; suffering from  hypocalcemia  or
hyperparathyroidism; have hypersensitivity to vitamin D.

Patients were randomized in 3 equal groups of
vitamin D, oral solution, vitamin D, tablet, and vitamin D,
capsule, respectively. All three groups received 60000
IU of vitamin D; per week for eight weeks in the form of
respective formulation. Out of 180 patients, 164
completed the study comprising 55 patients in each
vitamin D, oral solution Hi-D™ (Akumentis Healthcare
Limited, Mumbai) and D; MUST™ 60K (Mankind Limited,
India) group and 54 patients in Uprise-D; 60K® group
(Alkem Limited, India).

c) QOutcomes

Primary outcomes included efficacy of vitamin
D, formulations, which were evaluated by comparing
and assessing all three formulations on attaining vitamin
D sufficiency (serum 25 (OH) D levels) at the end of
treatment (8 weeks) to find out differences between
vitamin D formulations. Secondary outcomes include
changes in intact parathyroid activity (serum iPTH levels)
at the end of treatment (8 weeks) in all the groups.
Safety was evaluated by assessing and comparing all
three formulations on changes in serum calcium, serum
phosphorous, serum alkaline phosphatase, serum
albumin, and serum creatinine levels at the end of
treatment (8 weeks) and reported adverse events during
the study till the end of treatment (8 weeks) in all the
groups to find out differences between vitamin D
formulations. Adverse Events (AEs) were categorized by
investigators according to their intensity as Grade

© 2020 Global Journals

1-mild, Grade 2-moderate, or Grade 3-severe. Patients
were encouraged to report AEs spontaneously or in
response to a general non-directed questionnaire.

d) Statistical Analysis

Descriptive statistical methods were used to
summarize demographic, baseline characteristics, and
all other analysis variables. Data was presented in terms
of mean +/- SD and range for all variables. All patients
were compared at baseline for homogeneity using
analysis of variance (ANOVA) as appropriate Paired t-
test was used for comparison. Statistical analysis was
performed on the per-protocol (PP) population which
included the subjects who had completed the study
without any significant protocol deviation. Two-sided
tests were used with P<0.05 being considered
significant.

[11. RESULTS

All the patients enrolled in this study were Asian;
the baseline demographic data are shown in Table 1. In
primary outcomes, the serum 25(0OH)D levels with
vitamin D, oral solution Hi-D™ group were elevated
more than three times compared to baseline in the 8"
week. This increase in 25(0OH)D levels by oral solution
was significant as compared to the tablet and capsule
group from the baseline to the 8™ week (Figure 1). The
iPTH levels in vitamin D, oral solution were suppressed
significantly by 63.53% as compared to tablet and
capsule group from the baseline to the 8" week
(Figure 2).

Secondary outcomes were similar in all three
groups after treatment (Table 2). There was no serious
adverse event reported in the overall study period. No
patient developed vitamin D toxicity. Six cases of non-
laboratory related AEs were reported and were mild in
intensity.



EFFICACY AND SAFETY OF VITAMIN D3 (CHOLECALCIFEROL) ORAL SOLUTION COMPARED TO TABLET AND CAPSULE: A

RANDOMIZED, PARALLEL-DESIGN, ACTIVE-CONTROLLED STUDY

35

25(0OH)D (ng/mL)

30.34

Vit D3 oral Vit D3 tablet Vit D3 capsule

solution
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“'Week 8

Figure 1: Change in serum 25(0OH) D level at the end of eight weeks in all three treatment groups (n = 164).

50
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*P=0.0001 vs baseline; TP=0.0001 vs Tablet and Capsule.
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solution capsule

H Baseline
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Figure 2: Change in serum iPTH levels at the end of eight weeks in all three treatment groups (n = 164). *P=0.0001

vs baseline; TP=0.0001 vs Tablet and Capsule.
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Table 1. Overall demographic profile of all subjects (N = 180)

Variable VIStoEI)St%Wal Vit D, Tablet Vit D, Capsule All Enrolled
N=60) (N=60) (N=60) (N=180)
ﬁ:ag‘(asa{;) 427 (16.54) 42.7 (18.52) 46.18 (14.64) 43.9 (16.63)
: 20.0, 76.0 19.0, 89.0 23.0,81.0 19.0, 89.0
Min, Max
G,a';cl"eer 35 36 29 100
25 24 31 80
Female
T,.ee'ir,lt((g{)”)’ 162.8 (4.17) 162.8 (4.36) 164.0 (3.64) 163.2 (4.09)
: 154,171 155, 174 155, 171 154,174
Min, Max
migzt(é%) 69.1 (10.79) 69.0 (9.61) 711 (10.32) 26.21 (4.07)
: 47,87 51,88 48,90 47,90
Min, Max
BN'\I’(L';E%TB? 26.11 (4.36) 26.04 (3.65) 26.49 (4.24) 26.21 (4.07)
Mo e 17.10, 34.90 19.0, 32.0 18.9, 35.2 17.10, 35.2

IV. DIsCUSSION

The status of vitamin D depends on the
production of vitamin D and vitamin D intake through the
diet or vitamin D supplements. Owing to its fat-soluble
nature, dietary vitamin D is absorbed with other dietary
fats in the small intestine. The efficient absorption of
vitamin D is dependent upon the presence of fat in the
lumen, which triggers the release of bile acids and
pancreatic lipase. In turn, bile acids initiate the
emulsification of lipids, pancreatic lipase hydrolyzes the
triglycerides into monoglycerides and free fatty acids,
and bile acids support the formation of lipid-containing
micelles, which diffuse into enterocytes (14). In India, a
current recommendation for correction of vitamin D level
is by giving 60,000 IU of oral vitamin D every week for
eight weeks (15).

Different dosage forms are produced to achieve
the appropriate absorption through the suitable form of
the drug as different drugs require different routes of
administration. Absorption of each substance occurs

administration routes, as well as dosage forms, are
provided and recommended for each substance under
which the dose of the drug will be absorbed, delivered,
and distributed more effectively. When it comes to oral
dosage forms, solutions are one of the preferable
dosage forms. Their strongest advantage is based on
the fast and high absorption of soluble medicinal
products. Solutions are one of the “leading” dosage
forms due to their application in patients with swallowing
difficulties and their easy administration (16).

The wuse of nanotechnology in formulation
development and lifecycle management can make drug
development significantly cost-effective. Also,
nanotechnology can target specific drugs, which can
reduce toxicity and improve efficacy. Nanotechnology-
based delivery systems can also protect drugs from
degradation (17). Several studies of nanotechnology-
based formulations of vitamins like vitamin A and vitamin
E reported significant improvement in the plasma levels
of the vitamins after the administration of the formulation
(18, 19).

differently by

the human body. Hence different

Table 2: Changes in serum parameters (N=164)

Vit D4 nano . )
Treatments oral saolution Vit ,\El) 3_’[5::-15 let Vit D'\sl Egasule
(N=55) ( - ) ( - )
Calcé”ar:e(lmg/ db) 9.28 9.32 9.42
Week 8 9.40 9.31 9.40
Serum Phosphorus
(mg/dL) 3.51 3.71 3.70
Baseline 3.67 3.64 3.59
Week 8
Alkaline Phosphatase
(IU/L) 290.87 291.98 284.61
Baseline 244.96 277.05 271.71
Week 8
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Serum Q;Z:H:Q (g/dL) 4.30 435 4.45
Week 8 3.40 4.30 4.35
Serum Creatinine
(mg/dL) 0.79 0.78 0.79
Baseline 0.83 0.76 0.74
Week 8
Vit Dy nano , .
Treatments oral solution Vit D‘i tablet VitD, Eapsule
(N=55) (N=55) (N=54)

The use of nanoparticle-based Vitamin D oral
solution is increasing in the market. The bioavailability of
nutrients that have poor water solubility can be
increased by nanotechnology (11, 20). Evidence
showed that nanoparticles of vitamin D; might also
enhance important properties of vitamin D supplements,
like  therapeutic  efficacy, photo-stability, and
biodegradation (21). Moreover, in our previous study,
we have compared the bioequivalence of vitamin D, oral
solution with that of conventional vitamin D, tablets and
capsules. We observed that the oral solution of vitamin
D has higher C,.,, and AUC as compared to tablet and
capsule (13).

In this study, we have evaluated the efficacy
and safety of 3 different formulations of vitamin D, (oral
solution, tablet, and capsule) in subjects with
hypovitaminosis D. Results were in favour of oral
solution as serum vitamin D level was increased
significantly and reached up to the normal level. This
result was significantly better as compared to tablets
and capsules. Serum iPTH level was also improved
significantly in oral solution as compared to tablets and
capsules.

Manek K observed that nanoparticle-based
formulation of vitamin D, is effective and safe in the
correction of vitamin D levels in patients with
documented deficiency or insufficiency of vitamin D
(15). Similar results were found by Marwaha et al.,
documenting vitamin D; oral solution achieves
significantly higher levels of serum 25(0OH)D (18). These
evidence substantiate our findings with similar
observation.

To the best of our knowledge, this is the first
study comparing the efficacy and safety of 3 different
formulations of vitamin D; (oral solution, tablet and
capsule) in subjects with hypovitaminosis D.

V. CONCLUSION

Vitamin D, 60000 IU oral solution appears to be
a better and faster treatment option for improving
vitamin D levels as compared to tablets and capsules.
Moreover, the nanotechnology-based formulation of an
oral solution of vitamin D, increases plasma vitamin D
levels rapidly, and it is also found to be safe. Thus,
vitamin D, oral solution may be a better alternative than
the tablet and capsule formulations in hypovitaminosis D
subjects.
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Abstract- Viral infections commonly affect both the respiratory
tract, upper and lower. The first response of the immune
system to the infection is Inflammation. This inflammation is
produced by eicosanoids and cytokines, which are released
by injured or infected cells. The immune modulation with
Ayurvedic formulations as a possible therapeutic measures is
need of the hour nowadays. The ancient Indian medicinal
system of Ayurveda has a scope of treating many diseases by
the theory of Rasayana, in other terms called preparations
from plant or herbal source, including immune modulatory
properties. In this article, we want to validate immune-
modulatory, anti-inflammatory anti-viral role of Tablet Swasvin
D wvyro (Virofight) with the reference of some previous work
done. In conclusion, we can say that Swasvin D vyro (Virofight)
tablet is the best effective immune-modulatory, as it augments
the cell-mediated as well as humeral mediated immune
response, it is antiviral as it can inhibit replication of several
viruses. It is anti-inflammatory by inhibiting various cytokine
producing pathways, it has anti-oxidant and antiulcer
properties.

Keywords: immunomodulator,
viral, D vyro, virofight.

anti-inflammatory, —anti-

I BACKGROUND

4 urvival of the fittest’ is the phrase what
SDarwinism theory of evolution said, indicating
the natural selection. In the world of
microorganisms that attacks the human body in various
ways, if we are fit, our immunity is good, and we can
easily tackle them. The Immune system protects from
infection; in short it acts as physical barrier and prevents
from external pathogens like bacteria and viruses. The
first response of the immune system to the infection is
Inflammation. This inflammation is produced by
eicosanoids and cytokines, which are released by
injured or infected cells. Common cytokines include
interleukins that are responsible for communication
between white cells; chemokine promotes chemo taxis
and interferon that have anti-viral effects’.
Viral infections commonly affect both the
respiratory tract, upper and lower respiratory tract. The
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respiratory infections are commonly classified clinically
according to syndrome common cold, bronchitis, croup,
pneumonia®. The viruses mostly act through a direct
invasion of epithelial cells of the respiratory mucosa.
There is an increase in both leucocytes infiltration and
nasal secretions, includes proteins and immunoglobulin,
suggesting cytokines and immune mechanisms may be
responsible®.

The immune modulation with Ayurvedic
formulations as a possible therapeutic measures is need
of the hour nowadays. The ancient Indian medicinal
system of Ayurveda has a scope of treating many
diseases by the theory of Rasayana, in other terms
called preparations from plant or herbal source,
including immune-modulatory properties®*.The basic
concept of immune modulation practiced by Ayurvedic
practitioners for centuries, as it was mentioned in
Ayurvedic ancient literature and Samhitas. The goal of
immune enhancement achieved by Ayurveda charyas
by the use of the Rasayana concept. The toxic by-
products of impaired digestion is called Aama, which
clog the micro channels (Strotas) are considered as
pathogenesis of Inflammation. The herbs, which
improve the process of digestion, digest the Aama and
purifies the micro channels is considered as an anti-
infammatory. There are many such ayurvedic herbs,
and herbal combinations are available in ayurvedic
literature, which is being used since ancient times to
treat many acute as well as chronic inflammatory
diseases. When all consumed elements of the food not
digested properly, it forms Aama, this forms Abnormal
Digestive juice (Sama Aahar rasa), which in term
produces cells that are abnormal, and these abnormal
cells are virus and other pathogens?.

In this article, we want to validate the
immunomodulatory, anti-inflammatory anti-viral role of
Tablet Swasvin D wvyro (Virofight) manufactured by
Ayushakti Ayurveda Pvt Ltd with the reference of some
previous work done.

II.  NAME oF HERBAL COMBINATION
Tablet Swasvin D vyro (Virofight).
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[II.  MANUFACTURER

Ayushakti Ayurveda Pvt Ltd pharmacy, Plot
number 78, Stice, Musalgaon, Sinnar, Nashik- 422112,

IV.  HERBAL FORMULA

Ingredients Latin name Quantity
Guduchi Tinospora cardifolia 240 mgs
Dadim Punica granatum 100 mgs
Madhuyashti Glycyrrhiza glabra 100 mgs
Kalmegh Andrographis paniculata 50 mgs
. Holerrhena

Kutaj antidysenterica 50 mgs
Sunthi Zinziber officinale 30 mgs
Vidarikand Pueraria tuberosa 25 mgs
Shatavari Asparagus racemosus 25 mgs
Godanti Bhasma 25 mgs

Bhavana Dravya Kantakari, Tulsi patra, Jati

patra

V. TiNOsPORA CARDIFOLIA

The ethanol extract of Tinospora studied on
delayed-type hypersensitivity, humoral response to
sheep red sheep cells, skin allograft rejection, and
phagocytic activity of the reticuloendothelial system in
mice and found that Tinospora cordifolia improved the
phagocytic function without affecting the humeral or cell-
mediated immune system?®. T. cardifolia growing on
Azadiracta indiaca possesses immunomodulatory
potential®.T. cardifolia stimulates macrophages through
TLR6 signaling and NF kappa B translocation, leading to
cytokine production’.Immunomodulatory protein in the
stem of T .cardifolia shows lymphoproliferative and
macrophage activating properties®.

VI.  PuNicA GRANATUM

Active compounds in P. granatum are
punicalagin and ellagic acid, the first one attenuates the
inflammatory cytokine secretion, and cell adhesion of
monocytes cells stimulated with airborne dust, hence
can be used against oxidative stress and inflammatory
response by harmful airborne dust®.P. granatum peel
polyphenols inhibits LPS induced intracellular ROS
production in RAW264.7 macrophages, Receptors of
LPS, the mRNA and protein expression of TLR4 also the
anti-inflammatory mechanism is associated with the NF-
Kb pathway'®. P. granatum peel’s polyphenol
compounds like punicalagi, ellagic acid, and hydroxyl-
benzoic acid from n-butanol and ethyl acetate fractions
are associated with antiviral activity against influenza
virus'" When tannins like punicalagin, punicalin,
strictinin, and granatin were isolated from P.granatum,
granatin  was an effective anti-inflammatory by

© 2020 Global Journals

decreasing the production of PGE, in early-stage and
decreasing NO production in late stage'. Polyphenols
in P. granatum may prevent virus binding to the host cell
receptors by blocking the cell surface receptors of the
virus surface ligands'®.Punicalagin component of P.
granatum has the virucidal capability; it inhibits influenza
virus  RNA proliferation, inhibits the replication of
influenza RNA virus independent of the virucidal activity
along with antioxidant effect.

VII.  GLYCYRRHIZA GLABRA

A phytocomponent glycerrhizin of G. glabra
affects the cellular signaling pathways like protein kinase
C, casein kinase Il, and transcription factor-like activator
protein one and nuclear factor B. it's aglycone
metabolite 18 glycyrrhetinic acid up-regulate expression
of inducible nitrous oxide synthase and production of
nitrous oxide in macrophages, which inhibits replication
of several viruses. In addition, Also glycerrhizin inhibits
the absorption, both during and after the absorption
period, inhibits replication and penetration of SARC type
coronavirus'. Glycerrhiza uralensis ethanol extract
inhibits the production of RANTES, potent chemotactic
cytokine for monocytes, basophils, and T cells, typically
detected in nasal secretions of patients with upper
respiratory tract infections, involved in epithelial cell-
mediated inflammation related to viral infection like
influenza virus H1N1'®. Glycyrrhetinic acid has proved
inhibitory to the replication of some RNA and DNA
viruses in vitro. Glycyrrhizin is reported to be effective
against varicella-zoster virus and human
immunodeficiency  virus in  vitro".Glabridin  and
isoliquiritigenin the components of G.glabra exhibits
anti-inflammatory property through inhibition of PGE,
TXB,and, LTB,in mammalian cell assay system'®.

VIII.  ANDROGRAPHIS PANICULATA

A derivative derived from A paniculata, 14-a-
lipoyl and rographolide is effective in avian influenza A,
ie.HIN2, H5N1 and human influenza A.ie. HIN1 in vitro
(19 A, paniculata shows property to inhibit secretion of
RANTES by H1N1 infected A549 bronchial epithelial
cells®®. Ethanol extract of A. paniculata and and
rographolide inhibit expression of Epstein Barr virus Iytic
proteins, And rographolide inhibits the production of the
mature viral particle. It also shows a significant effect on
cellular immunological indicators. It was able to
modulate the innate immune response by regulating
activation of macrophages and regulate specific
antibody production as well as antigen-specific IL-4
producing splenocytes?'. A. paniculata enhances the
WBC count, bone marrow cellularity and, B-esterase
positive cells, myelosuppression found to be reversed

through immunomodulatory activity, the weight of
lymphoid organs, spleen and thymus were also
increased?.



IX. HOLERRHENA ANTIDYSENTERICA

The alkaloids from H.antidysenterica have
antidiarrheal effect as similar to the standard drug
diphenoxylate, by inhibiting the production of watery
fluid. Also the astringent property of alkaloids reduces
denaturing production of protein tannate, which reduces
the secretion from intestinal mucosa®.Hongoquercin A
and Hongoquercin B alkaloid derived exhibit moderate
activity against Gram-positive bacteria like E.coli by
passing through outer cell membrane®.The decoction of
H. antidysenterica prevents the attaching and effecting
histopathology and avert the bacteria from the
opportunity to establish intimate contact with host cells
and, thus, it prevents from initiating the disease
process®.

X. ZINZIBER OFFICINALE

Gingerols from Fresh ginger decreases more
than 70% HRSV infection and rhinoviral infection in both
A549 and HEp2 epithelial cell upper and lower
respiratory tract, besides fresh ginger stimulates
epithelial cells to secrete IFN-B that contribute to the
inhibition of virus replication also it has an anti-
inflammatory effect through inhibition of production of
prostaglandins and inflammatory cytokines®’. Several
sesquiterpenes like beta-sesquiphellandrene were most
active as an anti-viral agent against rhinovirus in
vitro®® The rhizome aqueous extract of Z. officinale
significantly reduces the PBMC (Peripheral Blood
Mononuclear Cells) proliferation assay, it also inhibits
the CD 14 monocyte surface marker in human PBMC
showing anti-inflammatory and anti-viral activity®°.

XI.  PUERARIA TUBEROSA

Isoorientin  was isolated from tubers of
P.tuberosa was identified as a COX 2 inhibiter, which
showed potent anti-inflammatory properties in vitro on
mouse macrophage cell line, RAW264.7, also it is
effective in reducing the inflammation in vivo on pow
edema and air pouch mouse models®. Due to the effect
of some isoflavones like puerarin, daidzein and
genistein, P. tuberosa holds a promising therapeutic
potential as an immunomodulator. Also P. tuberosa
extracts augmented some innate as well as humeral
immune responses in  rats®.  Anti-inflammatory
mechanism of Mangiferin extracted from P.tuberosa was
confirmed via inhibiting the NF-Kb signaling, COX-1,
COX-2, and inactivation of NLRP3 inflammoasomes®.
Tuberosin is one of the active compounds in P.tuberosa,
which have anti-inflammatory effect by inhibiting the free
radical scavengers, it also has metal chelation property,
and also it shows anti-oxidant property**. The ethanoic
extract of P.tuberosa increases the phagocytic capacity
of macrophages, inhibits both cell-mediate immunity
and humeral immunity suggesting a suppressive effect

on adaptive immunity without affecting the innate
immune system and bone marrow proliferation3.

XII.  ASPARAGUS RACEMOSUS

Extract of A. recemosus is recommended for
the use of positive immunomodulator | normal and
immune-compromised broiler chicks as it augments the
humoral and cell-mediated immune response providing
better protection against infection by a rise in HI
antibody®. Steroidal saponins like Shatavarin IV,
Immunoside significantly increases CD;+ and CD,/
CDg, suggesting T cell activation, also the regulation of
Thy (IL,, IFN-g) and Th, like IL, cytokines suggesting

activated  lymphocytes  ultimately  showing an
immunomodulatory.®®  The aqueous extract of
Arracemosus significantly inhibits suppression of

chemotactic activity and production of IL; and TNF-a
by murine macrophages®.

XI1I.  OCIMUM SANCTUM

O. sanctum leaves when steam distilled shows
modification in humoral immune response in albino rats
may be due to antibody production, the release of
mediators of hypersensitivity reaction and tissue
response to mediators, also fixed oils and lonolenic acid
indicates significant anti-inflammatory activity against
PGE-,%®. It inhibits inflammation in rats by affecting the
cyclo-oxygenase and lipo-oxygenase pathways, seed
oils shows maximum percentage inhabitation of
leukotriene induced paw edema®.Ocimum sanctum
seed oil appears to modulate both humoral and cell
mediated immune response and this
immunomodulatory response is mediated by GABAergic
pathways®. Crude extract derived from O.sanctum
leaves may inhibit the viral intracellular multiplication and
masking/blocking of HA glycoprotein, terpenoid effective
in virucidal and therapeutic activity, and polyphenol for
prophylactic activity against influenza virus H9H2 virus in
ovo model, hence crude extract from the leaves of
Ocimum sanctum leads to a reduction in HON2 influenza
virus in assessing the all three; virucidal, therapeutic and
prophylactic activity*'.

XIV.  SOLANUM XANTHOCARPUM

The methanolic extract of Solanum nigrum has
anti-inflammatory activity. Solanine showed the most
potent inhibitory activity against the LPS-induced NO
production in murine RAW264.74,

XV.

The extract of leaves of J.grandiflorum
possesses the anti-ulcer potential as well as antioxidant
activity. It reduces gastric fluid volume, acidity and
increases the pH of the gastric fluids; which proves anti-
secretory*. Leaves extract to decrease the ulcer index,
increase pH, reduces free and total acidity, gastric

JASMINUM GRANDIFLORUM
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volume proving it's an anti-secretory and hence anti-
ulcer*®. Hydro alcoholic extract of J.grandiflorum shows
Anti-inflammatory and anti-conversant acivity*.

XVI. DISCUSSION

Nowadays, various medicinal plants and herbs
are attracting interest in the development of new, more
effective, and specific agents, as they may be useful in
the production of phytochemicals that have activity
against microbes. These plants in the form of
decoctions, preparations, essential oils, and extracts
widely used in ancient Indian medicine. People are
preferring the use of Ayurvedic medicines as an
alternate therapy for many chronic diseases as well as
acute diseases nowadays. Though always there is a
question, how exactly ayurvedic medicines works, by
which pathway, or by which mechanism it attack on the
microorganism. This manuscript was conducted just to
justify the mechanism of our medicine by using some
modern tools.

In conclusion, we can say Tinospora cardifolia
improved  the  phagocytic  function  of  the
reticuloendothelial system without affecting the humeral
or cell-mediated immune system (Atal CK et al. 1986,
5)T. cardifolia possesses immunomodulatory potential
(Narkhede AN et al. 2014,6). It stimulates macrophages
through TLR6 signaling and NF kappa B translocation,
leading to cytokine production (Shyma K et al. 7). An
active compounds in P. granatum, punicalagin, and
ellagic acid, the first one attenuates the inflammatory
cytokine secretion hence can be used against oxidative
stress and inflammatory response by harmful airborne
dust (Soojin Parket al; 2016, 9). Peel polyphenols inhibit
LPS induced intracellular ROS production in RAW264.7
macrophages, Receptors of LPS, the mRNA and protein
expression of TLR4 (Du, Lin,et al; 2019, 10). punicalagi,
ellagic acid and hydroxyl-benzoic acid from n-butanol
and ethyl acetate fractions are associated with antiviral
activity against influenza virus (Mohammad-Taghi et al.
2019,11). Tannin, like granatin, is an effective anti-
inflammatory by decreasing the production of PGE, in
the early-stage and decreasing NO production in late-
stage (Lee, C.J; 2016, 12). Polyphenols in P. granatum
may prevent virus binding to the host cell receptors by
blocking the cell surface receptors of the virus surface
ligands (Howell ABet al; 2013, 18). Punicalagin
component has the virucidal capability; it inhibits
influenza virus RNA proliferation, inhibits the replication
of influenza RNA virus independent of the virucidal
activity (Haidari, M, et al.2009, 14). Glycerrhizin Up
regulates expression of inducible nitrous oxide synthase
and production of nitrous oxide in macrophages, which
inhibits replication of several viruses, inhibits replication
and penetration of SARC type coronavirus (J Cinatl et al;
2003, 15) Glycyrrhiza uralensis ethanol involved in
epithelial cell-mediated inflammation related to viral
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infection like influenza virus H1N1 (Cristina Fiore et al.
2007, 16), Glabridin, and isoliquiritigen exhibits anti-
inflammatory property through inhibition of PGE, TXB,
and LTB,in mammalian cell assay system (Nirmala. P et
al. 2011, 18).14-a-lipoyl and rographolide is effective in
avian influenza A, ie.HON2, H5N1 and human influenza
Aji.e. HIN1 in vitro (Wen-Wan Chao et al; 2010, 19).
Andrographolide inhibit the production of mature viral
particle. It also shows significant effect on cellular
immunological indicators and innate immune response
by regulating activation IL-4 producing splenocytes
(Churiyahet al. 2015, 21). Hongoquercin A and
Hongoquercin B alkaloid derived exhibits moderate
activity against Gram-positive bacteria like E.coli by
passing through the outer cell membrane (Abbanat el al;
1998, 25). Gingerols from Fresh ginger decreases more
than 70% HRSV infection and rhinoviral infection in both
A549 and HEp2 epithelial cell upper and lower
respiratory tract, secrete IFN-B that contribute to the
inhibition of virus replication also it has anti-inflammatory
(J.S. Chang et al.2013, 27). Isoorientin was isolated from
tubers of P.tuberosa was identified as a COX 2 inhibiter,
which showed potent anti-inflammatory properties in
vitro on mouse macrophage cell line, RAW264.7 (Kotha
Anilkumar et al. 2017,30). Isoflavones like puerarin,
daidzein, and  genistein, P.  tuberosa are
immunomodulator. Also P. tuberosa extracts augmented
some innate as well as humeral immune responses in
rats (A. K. Majiet al, 31)Extract of A.recemosus is
recommended for the use as positive immunomodulator
| as it augments the humoral and cell mediated immune
response (Kumari R et al.2012,35). Steroidal saponins
like Shatavarin IV, Immunoside significantly increases
CD,+ and CD,/CDg. suggesting T cell activation, also
regulation of Thy (IL, IFN-g) and Th, like IL, cytokines
suggesting activated lymphocytes ultimately suggesting
immunomodulatory effect of A.recemosus (Manish
Gautam et al. 2009,36). Sanctum leaves when steam
distiled shows modification in  humoral immune
response in albino rats due to antibody production,
release of mediators of hypersensitivity reaction and
tissue response to mediators, also fixed oils and
lonolenic acid indicates significant anti-inflammatory
activity against PGE-, (S Mondal et al;2009). It inhibits
infammation in rats may be it affects the cyclo-
oxygenase and lipo-oxygenase pathways (P.K Mediratta
et al. 2002).

XVII. REsuLT

We can say that Swasvin D wvyro (Virofight)
tablet is the best effective immunomodulator, as it
augments the cell mediated as well as humeral
mediated immune response, it is antiviral as it can inhibit
replication of several viruses, and it is anti-inflammatory
by inhibiting various cytokine producing pathways, it has
anti-oxidant and antiulcer properties.
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Development and Validation of Derivative FTIR
Spectroscopy for Estimation of Entecavir
Monohydrate in its Pure and Pharmaceutical
Dosage Forms

Ashraf A Khanam®, Y Padmavathi® & Raghavendra Babu®

Abstract- We developed a unique analytical technique for the
evaluation of Entecavir monohydrate (ETV) in iis
pharmaceutical dosage form using derivative speciroscopy
assisted FTIR. This approach requires the formation of solid
pellets of Entecavir using potassium bromide (KBr) with the
aid of geometrical mixing. The spectra were calculated by
direct measurement technique using reduced path length in
the absorbance mode, and the equipment was configured to
secure it at 8cm™ resolution. We scanned the spectra between
the ranges of 4000 to 400 cm™. FTIR spectra drug exhibited
overlapped functional group peaks with baseline correction at
1631 cm™ corresponding to C=0 stretching. From these FTIR
spectra, we detected intense, clear, and proportional second
derivative peaks between 1639.38 and 1620.09 cm™. These
peaks, in the range of concentration 12.5-200 pg/mg,
obeyed Beer-Lambert’'s law. Therefore, we elected C=0
stretching for the quantitative evaluation of Entecavir
employing second-order derivative spectroscopy. The
developed technique was validated conforming to the
International Conference on Harmonisation (ICH) guidelines.
The validation criteria linearity, precision, accuracy, the limit of
quantitation, the limit of detection, and Sandell's sensitivity
was established and turned up to be within limits. We
successfully implemented this technique for the analysis of
the marketed formulation of Entecavir monohydrate. We also
compared the second derivative FTIR technique for evaluation
of Entecavir monohydrate with HPLC methods published in
various journals and Indian Pharmacopoeia, statistically.
Keywords: entecavir monohydrate, FTIR, second
derivative FTIR, sandell’s sensitivity, statistical analysis.

[. INTRODUCTION

epatitis B is a viral infection worldwide that
invades the liver and can provoke both severe

and persistent diseases. HBV: Hepatitis B virus
transmits sexually, parenterally, or perinatally. HBV
chronically infects over 248 million people worldwide ',

Antivirals are drugs that kill a virus or suppress
their capability to reproduce. The focus of antiviral
medicine is to reduce symptoms, infectivity, and to
minimise the span of illness. Antiviral drugs act at
various stages by arresting the cycle of viral
replication ¥,

Author o Department of Pharmaceutical Analysis, G. Pulla Reddy
College of Pharmacy, Mehdipatnam, Hyderabad, TS, India.
e-mail: drypadmavathi@gmail.com

Entecavir Monohydrate: The hydrated form of Entecavir
is Entecavir Monohydrate: a synthesized analog of 2-
deoxyguanosine and a nucleoside reverse transcriptase
inhibitor with selective antiviral action against the
hepatitis B virus (Fig. 1). It phosphorylates intracellularly
with the dynamic triphosphate form, which contests with
deoxyguanosine triphosphate (a natural substrate of the
virus hepatitis B reverse transcriptase), suppressing
every phase of the enzyme's action; at the same time, it
bears no activity against HIV. USFDA authorized it in
March 2005.

HO

HO

H
H,N_ N N
e
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Figure 1: Structure of Entecavir Monohydrate

The IUPAC name of Entecavir monohydrate is a
2-amino-9- [(1S, 3R, 4S)-4-hydroxy-3 (hydroxymethyl)-2-
methylidenecyclopentyl]-1H-purin-6-one;  hydrate. lts
molecular formula and molecular weight is C;,H;;N;O,
and 295.29 g/mole, respectively.

I's a non-hygroscopic, off  white to
white powder, practically insoluble in acetonitrile,
sparingly soluble in N, N-dimethylformamide, slightly
soluble in methanol, ethanol (99.5%) and water (2.4
mg/ml at pH 7.9, 25°C) . Store Entecavir tablets in a
tightly closed container at 25° C (77° F); excursions
permitted between 15-30° C (59-86° F) 1!

Technique: Spectroscopy is the measurement of the
interaction of light with various materials. To determine a
chemical substance, analyze the amount of light
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absorbed or emitted by a sample. Infrared spectroscopy
(IR spectroscopy) is a technique based on the vibrations
of the atoms of a molecule. An infrared spectrum is
obtained by passing infrared radiation through a sample
and determining what fraction of the incident radiation
absorbs at a particular energy. The energy at which any
peak in an absorption spectrum appears corresponds to
the frequency of vibration of a part of a sample
molecule ©.

Fourier-transform infrared (FTIR) spectroscopy is
based on the idea of the interference of radiation
between two beams to yield an interferogram. The latter
is a signal produced as a function of the change of path
length between the two beams. The two domains of
distance and frequency are interconvertible by the
mathematical method of Fourier-transformation "1,

Derivative spectroscopy (DS) has been brought
in for resolving overlapping peaks. DS approach is
extensively adopted to intensify the signal and work out
the overlapped peak-signals for its improvements in
separating closely adjacent peaks and finding weak

peaks covered by sharp peaks. When derivatized, the
crests and troughs of the original peak function take
hold of zero values, and the inflections are modified into
maxima or minima, correspondingly. The curves of
derivatization are better structured than the authentic
spectra, therefore facilitating very slight distinctions to
be singled out.

Advantages of DS are it clears up opportunities
for enhancing selectivity and sensitivity; is employed to
detect elements with significant accuracy with no
preceding step; is incredibly practical when overlap or
interference occurs; it extends a dynamic medium for
qualitative and quantitative analyses of mixtures; and it
is easy to eliminate specimen turbidity matrix
background, to improve spectral details and to get rid of
the effect of baseline shifts and baseline tilts ©.

After reviewing ample of available literature, we
planned this work to develop and validate a sensitive
second derivative technique based on FTIR, for
estimation of Entecavir Monohydrate in its pure and
pharmaceutical dosage form 3",

[I. METHOD

Materials and Reagents (Table 1, 2 & 3)

Table 1: List of chemicals and their grades

S. No. Chemicals Category
1. Potassium Bromide Anhydrous IR Grade
2. Dimethyl Sulfoxide AR Grade
3. Chloroform HPLC Grade
4. Water HPLC Grade
5. Methanol HPLC Grade
Table 2: List of standard and sample utilized
S.No. Name Manufacturer/ Supplier
1 Entecavir Monohydrate (Pure form) Gift sample from Dr.Reddy’s Laboratories,
Hyderabad.
2. X-VIR* Tablets (Marketed Formulation) Bought from a local pharmacy store
Table 3: List of instruments employed
S.No. Instruments Make and model Software
1. FTIR Spectrophotometer Shimadzu -8400S IR Solutions (Ver. 1.21)
2. UV-VIS Spectrophotometer Shimadzu —1800 UV Probe (Ver. 2.43)
3. HPLC Shimadzu -LC-20AT LC Solution (Ver. 1.25)
4, Electronic Balance Shimadzu -BL220H - NA-
5. Ultra-Sonic Bath Sonicator PCI Analytics —6.5 1i200H —NA-
6. Hot Air Oven BTI Mumbai —105 - NA-

a) Method Development
Liquid cell and KBr press were utilized for
sampling liquids and solids, respectively. We developed

© 2020 Global Journals

FTIR spectroscopic method using an FTIR instrument
with the parameters in Table 4.



Table 4: Method Development Parameters

S.No. Parameter Selected Condition
1. Selection of Measurement Mode Absorbance Mode
2. Selection of Beam Internal
3. Selection of Detector Standard DLATGS detector
4, Selection of Mirror Speed 2.8 mm/sec
5. Selection of Sampling Technique Pressed Pellet technique
6. Selection of Apodization Happ-Genzel
7 Selection of solvent For Liquid: Chloroform, Dimethy! sulfoxide and methanol
' (based on IR transparency window) For Solid: Potassium Bromide
Analysis of IR Spectra for Functional Group ETVIR Spfactrum. Peak .at 1631 Cm.1’ C-O sﬁretoh
8. Clear, intense peak, increased linearly with
Assessment X
concentration.

b) Method Optimization

i. Preparation of standard stock of Entecavir
monohydrate
Accurately weighed 40 mg of the Entecavir
monohydrate was geometrically mixed with 200 mg of
dried KBr to form the stock of 200pug/mg. Mix the
triturate well, such that each pellet formed contained
the uniformly distributed drug.

ii. Preparation of the working standard mixture
From the stock (200 ug/mg), accurately
weighed 6.250, 12.500, 25.000, 50.000 mg was taken
and diluted to 100 mg with dried KBr to create the
eventual concentrations of 12.5, 25, 50, and 100 ug/mg,
respectively. We ensured uniform mixing.

iii. Extraction Procedure

Triturate twenty tablets (X-VIR* manufactured by
NATCO Pharma Ltd., containing 1 mg of ETV) after
taking their average weight. Then the tablet powder
equivalent to 1 tablet was transferred to an Eppendorf
tube and dissolved in methanol. It was vortexed for 2
minutes, followed by centrifugation at 5000 rpm for 10
minutes. Then the resulting supernatant was collected
and evaporated overnight. The residue was collected
(approximately 1 mg when weighed).

iv. Sample Preparation for Pressed Pellet Technique
The complete residue obtained was triturated
with 50 mg of KBr to make a pellet of 20 ug/mg, which
we scanned in the absorbance mode, and the peak so
recovered was derivatized to second order. We then
calculated peak area of the derivatized peak.

v. Sample Preparation for Liquid Sampling Technique
Using the above extraction procedure, Entecavir
monohydrate was extracted from its marketed
formulation. Accurately weighed 1 mg of extract was
transferred in a 10 ml volumetric flask, and suitable
solvents were added individually in each flask, i.e.,
methanol, DMSO, methanol in chloroform.

c) Method Validation

The FTIR method was developed and validated
for quantitative evaluation of ETV in tablets using the KBr
pressed pellet technique corresponding to the ICH

guidelines Q2 (R1): Validation of Analytical Procedures:
Text and Methodology ¥

i. Linearity and Range

The working standard solutions of ETV were
prepared and analyzed in the FTIR instrument. We
recorded absorbance of the peaks at 1631cm™ for
standard solutions, and plotted the standard calibration
curve between concentration and absorbance.
Regression analysis established linearity; It reports the
regression  equation and the coefficient of
determination.

ii. Limit of Detection (LOD) and Limit of Quantification
(LOQ)

We estimated the responsiveness of suggested
technique for measurement of ETV in terms of LOD &
LOQ; and determined it using the standard deviation
method. Then calculated, the standard deviation and
slope from the calibration curve established for linearity
parameter using the below-mentioned formulae:

3.3%0 LOQ = 105*0

LOD =

Where,

o = standard deviation of the response (intercept);

s = slope of the calibration curve

ii. Sandell’s Sensitivity

Sandell's sensitivity, defined as the lightest

weight of a material that can be encountered in a
column of a unit cross-section. The lowest concentration
of ETV (12.5ug/mg) was prepared from the working
standard solution (200ug/mg) and scanned several
times. We noted the absorbance and calculated the
Sandell’s sensitivity using the formula given below:

Concentration( Hg )
100mg/ . 9.001

Sandell s Sensitivity (m) = Absorbance valie

iv. Precision
To establish precision of the method, we
reported its repeatability. They usually use the standard
deviation (SD) or percentage relative standard deviation
(% RSD) of a course of evaluations to assess the rigor of
a scientific technique. Precision was determined using
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repeatability, and calculated for only one stage of
precision.

Repeatability

We determined repeatability by analyzing six
replicates of 100ug/mg, and calculating their percent
relative standard deviation (% RSD).

v. Accuracy
The accuracy of the method was reported as
the percentage recovery of a known added measure of
the analyte to a specimen or as the difference between
the average value obtained and the accepted true value
of a specimen, jointly with an associated confidence
interval.

For the drug product

We determined the accuracy study of drug
product by calculating the percentage recovery of the
ETV using the standard addition method. By adding
known amounts of the standard mixture of ETV (40, 50,
and 60 ug/mg), respectively, to a pre-quantified test
mixture of ETV (50 pg/mg). The calculation of

Hg

Concentration (—)X Dilution Factor

mg

Assay =

percentage recovery was performed by measuring
absorbance and qualifying these amounts into the
regression equation of the calibration curve and by
calculating the percent relative standard deviation (%
RSD) at each stage.

vi. Assay of Entecavir Monohydrate tablets

Triturate twenty tablets (X-VIR* manufactured by
NATCO Pharma Ltd., containing 1 mg of ETV) after
taking their average weight. Then the tablet powder
equivalent to 1 tablet was transferred to an Eppendorf
tube and dissolved in methanol. It was vortexed for 2
minutes, followed by centrifugation at 5000 rpm for 10
minutes. Then the resulting supernatant was collected
and evaporated overnight. The residue was collected
(approximately 1 mg when weighed). Later, the
complete residue was triturated with 50 mg of KBr to
make a pellet of 20 ug/mg, which we scanned in the
absorbance mode, and the peak so recovered was
derivatized to second order. We then calculated peak
area of the derivatized peak.

X Average Weight of the Tablet (mg)
* 100

I11. RESULTS AND DISCUSSION

a) Development and Optimization of FTIR Method

i. Solubility Studies
During developmental studies, we checked the
drug solubility in methanol and chloroform and its
combination. We found ETV solution of methanol in
chloroform [50 ug/ml] to be the most reliable solution for
solubility that can be studied on a UV-VIS
spectrophotometer, giving A, at 257 nm.

Weight of Tablet Powder Taken

(mg)x Label Claim of the Drug

Solution Preparation

We took 10 mg of ETV along with a few ml of
methanol in a volumetric flask, which was sonicated for
2 minutes, and made up to 10 ml with methanol to make
methanol stock solution of concentration 1000 ug/ml.
Then, 0.1, 0.5, and 1.0 ml of this methanol stock solution
were made up to volume in other 10 ml volumetric flasks
with chloroform to prepare solutions of 10, 50, and 100
ug/ml concentrations, respectively. An overlay of their
spectra in Fig.2.

4.336 I I
4.000 |

2.000

Abs.

0.000

-1.260 L L

234.73 260.00

280.00 300.00
nm.

319.76

Figure 2: Overlay of drug solubility profile

Red —ETV in CH,OH [100 ug/ml]; Green —ETV in CH,OH in CHCl,[10 g/mi];
Blue —ETV in CH,;OH in CHCI,[50 ug/ml]; Black —ETV in CH,OH in CHCI,[100 ug/m]

ii. Analyte Solution Stability Studies
We found ETV solution to be stable for 1 hour
after preparation, and carried out solution stability
studies on UV-VIS Spectrophotometer, giving a A, at
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257nm for a concentration of 50 ug/ml. So observed a
slight, yet gradual decrease in absorbance in Fig. 3,
Table 5.
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Figure 3: Overlay of analyte stability spectra for ETV [50 ug/ml]
Table 5: Analyte solution stability data for ETV [50 ug/ml]

S.No. Time Point (hours) Absorbance (A) at 257nm
1. 0 —Black 2.265
2 0.5 -Red 2.258
3. 1 -Blue 2.238
4 3 -Pink 2.102
5 4 —Green 2.050

We carried out IR analyses using a Shimadzu
8400S FTIR instrument by pressed pellet technique and
liquid sample technigues. FTIR method was developed
using two sampling techniques: Liquid sampling and the
Pressed Pellet Technique.

iii. Liquid Sampling Technique: (Drug Substance)

Characteristic functional group peaks were
seen in the IR spectra of ETV solution of methanol in

chloroform but not in those of methanol or DMSO alone,
as shown in Fig. 4, 5 & 6. Also the required increase in
functional group absorbance value with an increase in
concentration, for quantitation of ETV, wasn’t seen. We
did not observe any sharp, functional group peaks in the
IR spectra taken in DMSO.
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Figure 4: IR spectrum of Entecavir Monohydrate pure in methanol by liquid sampling technique
(Transmittance mode)
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Figure 5: IR spectrum of Entecavir Monohydrate pure in DMSO by liquid sampling technique
(Transmittance mode)
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Figure 6: IR spectrum of Entecavir Monohydrate pure in methanol in chloroform by liquid sampling technique
(Transmittance mode)

iv. Pressed Pellet / Solid Pelleting Technique: (Drug

Substance)

We did pelleting by geometric mixing of KBr

FTIR spectrum of ETV standard exhibited well-defined

bands

and peak absorbance,

which increased

proportionally with increasing concentration, as shown

with ETV. They use KBr press for sampling of solids. The  in Fig. 7.
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Figure 7: IR spectrum of Entecavir Monohydrate pure in KBr by pressed pellet technique
(Transmittance mode)

© 2020 Global Journals



Thus, we developed the Derivative FTIR
spectroscopic method using a solid pelleting technique
on the FTIR spectrophotometer.

v. Sample Preparation

Performed various techniques and extraction
procedures to achieve a better drug recovery from the
tablet powder.

Solid Pelleting Technique (Formulation)

Trial I: Scooping Method

One X-VIR* tablet accurately weighed and finely
powdered, was transferred into a vial. We randomly
scooped out 10 mg of this powder into an FTIR mortar
pestle, and added 100 mg of KBr to make a pellet of
concentration 100 pg/mg. Then scanned this pellet, and
the IR spectrum obtained for tablet by the scooping
method is as in Fig. 8.
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Figure 8: FTIR spectrum of X-VIR* tablet using the scooping method by solid pellet technique (Absorbance mode)

Observation: We did not observe any peaks in the region
of 1600-1750cm™, which indicated the absence of the
drug in the scoop taken. Thus, scooping is not a reliable
technique for sample preparation from the tablet.

Trail ll: Extraction Method [X-VIR* Tablet in Methanol]
One X-VIR* tablet, accurately weighed,

powdered finely was transferred into an Eppendorf tube.

1 ml of Methanol was added and centrifuged at 5000

rom for 10 mins. We obtained a clear, supernatant liquid
with a pink layer on top of white precipitate, which was
collected in a new Eppendorf tube; kept open overnight
for evaporation. The next day, we collected the
precipitate in the FTIR mortar, and added 50mg of KBr
to make a pellet of concentration 20 ug/mg. This pellet
was scanned to obtain IR spectrum as in Fig. 9.
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Figure 9: FTIR spectrum of X-VIR* tablet in methanol by extraction method by solid pellet technique
(Absorbance mode)

Observation: We observed significant peaks as that of
pure ETV. However, all the peaks shifted towards higher
wavenumber. We noticed C-O peak at 1685.67 cm’
instead of 1633.59 cm™. The intensity of the peak in X-
VIR* Tablet (0.531) was relative to standard ETV (0.403).

Trail lll: Extraction Method [X-VIR* Tablet in Methanol in
Chloroform]

The Extraction procedure was the same for all
solvents, except for a change in:

1. Solvent and its volume — 0.5 ml of Methanol, 0.5 ml
of Chloroform

2. Precipitate observed — distinct pink layer on top of
white precipitate

© 2020 Global Journals

Global Journal of Medical Resecarch ( B) Volume XX Issue V Version I E Year 2020



Global Journal of Medical Rescarch ( B) Volume XX Issue V Version I E Year 2020

However, total volume is constant for the extraction procedure. IR spectrum so obtained is as in Fig. 10.
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Figure 10: FTIR spectrum of X-VIR* tablet in methanol in chloroform by extraction method by solid pellet technique
(Absorbance mode)

Observation: We observed significant peaks as that of
pure ETV. However, all the peaks shifted towards higher
wavenumber. We noticed C-O peak at 1689.53 cm
instead of 1633.59 cm™. The intensity of the peak in X-
VIR* Tablet (0.749) was relative to that of standard ETV
(0.403).

Trail IV: Extraction Method [X-VIR* Tablet in Ethanol]

The extraction procedure was the same for all
solvents, except for a change in:
1. Solvent and its volume — 1.0 ml of Ethanol
2. Precipitate observed — white precipitate

However, total volume is constant for the
extraction procedure. IR spectrum so obtained is as in
Fig. 11.
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Figure 11: FTIR spectrum of X-VIR* tablet in ethanol by extraction method by solid pellet technique
(Absorbance mode)

Observation: We observed significant peaks as that of
pure ETV. All the peaks shifted towards higher wave
number. We noticed C-O at 1689.53 cm™ instead of
1633.59 cm™'. The intensity of the peak in X-VIR* Tablet
(0.434) was relative to standard ETV (0.403).

vi. Liquid Sampling Technique: (Formulation)

One tablet was weighed accurately, finely
powdered, and extracted using 1 ml of Methanol. We
took 1.0 ml of supernatant liquid in a 10 ml volumetric
flask, and made up the volume with methanol to make a

© 2020 Global Journals

stock solution of 100ug/ml. It gave high-intensity peaks.
The peak at 1708.81cm™ may be due to C=0 stretch,
as shown in Fig. 12.
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Figure 12: FTIR spectrum of X-VIR* tablet [100 pg/ml] methanol in chloroform by liquid sampling technique
(Transmittance mode)

From the stock solution, 0.1, 1.0 and 5.0 ml was
taken into different 10 ml volumetric flasks, and the
volume was made up with chloroform to make the

solutions of concentration 1,

10 and 50pg/mi

respectively. Their spectra so obtained are shown in Fig.
13, 14 & 15 correspondingly. Peaks at 1600.81cm™ and
1710.74 cm™ may be due to C=0 stretch.
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Figure 13: FTIR spectrum of X-VIR* tablet [1 pg/ml] methanol in chloroform by liquid sampling technique
(Transmittance mode)
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Figure 14: FTIR spectrum of X-VIR* tablet [10 ug/ml] methanol in chloroform by liquid sampling technique
(Transmittance mode)
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Figure 15: FTIR spectrum of X-VIR* tablet [50 ug/ml] methanol in chloroform by liquid sampling technique
(Transmittance mode)

These graphs were studied as obtained for the
above solutions in various concentrations. Scans for
liquid sampling cell were measured in transmittance
mode, to get better results. The graphs were not clear.

vii. Comparative Study of Sample Preparation (Table 6)

They exhibited very high transmittance values at most
concentrations. Also, functional group shifts were
observed, most likely due to the interface from
excipients.

Table 6: Comparative study between solid pelleting and liquid sampling techniques

S.No. Parameters Solid Pelleting Technique Liquid Sampling Technique
" Sample Preparation Tricky and requires good skill as the Requires Skl|‘|, however is
quantity is too small comparatively easy
2. Mode of Measurement Absorbance Mode Transmittance Mode
3. Derivatization Gives single, almost symmetrical peak Gives Blfurcatssés nsymmetrical
4 Intensit Within normal range, when compared to Very high intensities, when
' Y standard ETV compared to standard ETV
Sensitivity Very High Fairly Acceptable
Selectivity High, improved peak shape Low, distorted peaks
Stability Partial decomposition of pellets Complete decomposition of solution

The band chosen for quantization should be in
a region of the spectrum free from absorption by other
possible components of the sample. So we selected the

following parameters to get better peaks that can be
derivatized to estimate the amount of Entecavir
Monohydrate present in the sample taken (Table 7).

Table 7: Optimized conditions for the derivative FTIR method of quantitation

S.No. Parameter Optimized Condition
1. Frequency Range 400-4000 cm™!
2. Maximum No. of Scans 10 (for better S/N ratio)
3. Resolution 8 cm (for better peak-to-peak separation)
4, Beer-Lambert’s Concentration Range 12.5-200 pg/mg

vii. IR Spectrum Analysis for Functional
Assessment

Entecavir monohydrate IR spectrum showed

peaks at 1631cm™, 3112cm™, 3186cm™, and 3446cm™

corresponding to the C-O stretch, primary amine’s two

N-H stretches and free O-H stretch, respectively.

Among these, the C-O group showed a clear and

Group

© 2020 Global Journals

intense peak, which increased linearly as the
concentration was increased. Hence, we selected the
C-0O group for the quantitative evaluation of Entecavir
monohydrate.
ix. Verification of Beer’'s Law
We observed a linear and proportional
correlation linking the concentration, and absorbance in



the range of 12.5-200 pg/mg for ETV. They use such
relationships for the quantitation of drugs in their pure
form and formulations. We took all the absorbance
values from the C-O stretch group peak for ETV from the
IR spectrum of solid pellets of drug mixtures.

b) Validation of Developed FTIR Method for Quantitative
Estimation of Entecavir Monohydrate
We performed the validation for this originated
FTIR approach as per ICH Q2 (R1) guidelines, and
found all the specifications to be within allowable limits.

i. Linearity of ETV

Working standard solutions of ETV were
prepared and analyzed in the investigational
concentration range of 12.5-200 ug/mg, as shown in Fig
17-21 and Table 9. We recorded the peak area of the
second-order derivative of the C=0 peak at 1631cm’
for the standard solutions. The standard calibration
curve was plotted between concentration and peak area
to establish linearity by regression analysis, as shown in
Fig. 16, Table 8.

Table 8: Linearity regression analysis data (Second derivative mode)

S.No. Concentration (ug/mg) *Peak Area [1639.38-1620.09 cm™]
1. 125 0.0554
2. 25.0 0.0751
3. 50.0 01134
4, 100.0 0.1859
5. 200.0 0.3306

*Average of 3 determinations
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Figure 16: Standard calibration curve of ETV (Second derivative mode)
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Figure 17: Qverlay of linearity spectra for ETV [12.5-200 ug/mg] — Absorbance mode (Full View)
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Figure 18: Qverlay of linearity spectra for ETV [12.5-200 ug/mg] — Absorbance mode (Zoom View)
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Figure 19: Qverlay of linearity spectra for ETV [12.5-200 ug/mg] — Second derivative mode (Zoom Out View)

Abs/(1/cm)”™2
0.05 — —— ECMHP100d\Second rivative
) -4 —— ECMHP50d\Second Derivative
— ECMHP2 nd Deri i
—— EECMHConc2\Second Derivative

0.025

|
TR
—16355

{
{

0.025

/

-0.05

1650 2 1640 1630 1620 1610
Figure 20: Qverlay of linearity spectra for ETV [12.5-200 ug/mg] — Second derivative mode (Zoom In View)
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Figure 21: Five-point calibration curve for linearity of ETV from IR Solution software [12.5-200 ug/mg] —-Second
derivative mode

Table 9: Report of multi-point calibration of ETV for linearity from IR Solution software [12.5-200 ug/mg] —Second
derivative mode

Report of Multi Point Calibration

Calibration of:

E:\Ashraf M.Ph 2017-19\quant.tmp

Evaluation mode: Peak area

Order: Linear

Origin: Ignore

Peak: from 1639.380 to 1620.090 cm”’

Corrected value: Yes

Equation:

Corr. Area = -4.642E-2 - 1.474E-3 * ¢ ™1, r = 0.992494

We found the response of the drug to be linear

in the investigational concentration range 12.5-200

ug/mg by acquiring the regression equation, y =

0.0015x + 0.0387, and coefficient of determination, R?

= 0.9999 for the second derivative of obtained spectra

in absorbance mode. ETV obeyed Beer —Lambert’s law
in the investigational concentration range.

i. Limit of Detection (LOD) and Limit of quantitation

(LOQ) of ETV
We estimated the sensitivity of the proposed
method for measurement of ETV for both UV and

Derivative FTIR values in terms of LOD & LOQ, which
were determined using the standard deviation method.
Standard deviation (¢) and slope (s) were calculated
from the calibration curve for linearity of each method,
respectively, as shown in Table 10.

Table 10: LOD and LOQ Values of ETV

Name of the drug

LOD (ug/mg)

LOQ (ug/mg)

Entecavir Monohydrate

3.29

9.96

We found the LOD and the LOQ values to be

3.29 and 9.96 ug/mg, respectively, which indicates the
sensitivity of the method.
iii. Sandell’s Sensitivity

The Sandell’'s sensitivity was calculated based

on the absorbance value of the lowest concentration,

12.5 ug/mg when scanned several times and derivatized

to second order. We noted the absorbance(s) and found

the Sandell's sensitivity to be 0.0437 ug/cm?/0.001 Abs
unit.

iv. Precision
We reported the precision of the originated
analytical technique in terms of repeatability, which was
determined by analyzing 6 replicates at 100%
concentration [100pg/mg] of ETV to obtain spectra from
IR Solution software in second derivative mode. Later,

© 2020 Global Journals

E Year 2020

(B)



Global Journal of Medical Rescarch ( B) Volume XX Issue V Version I E Year 2020

we calculated the mean, standard deviation, and %RSD

in MS-Excel (Method Precision).

Finally, we calculated the percentage relative
standard deviation (%RSD) and found it to be within

limits (NLT 2.0% and NMT 10.0%) ®2, as shown in Table
11 and Fig. 22. Hence the method is repeatable and

precise.

Table 11: Repeatability data of ETV (Method Precision)

S.No. | Concentration (g/mg) | Peak Area Mean* +Standard Deviation %RSD

1. 100 0.2296

2. 100 0.2242

3. 100 0.2527

0.2370 = 0.0124 5.23

4. 100 0.2556

5. 100 0.2323

0. 100 0.2275

Abs/(L/cm)™2
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0.02 —+ - Repeatability 3\Second Derivative

Repeatability 4!

Second Derivative

Repeatability 1§Second Derivative

1642.5

1635

1627.5 1620

1612.5

Figure 22: Repeatability curves of six different sample preparations of ETV (Method Precision)

2.0%) #2 as shown in Table 12 and Fig. 23. Hence the
system is capable of giving precise results.

To check system precision, we scanned one
sample of ETV at 100% concentration [100 pg/mg] six
times, and found the %RSD to be within limits (NMT

Table 12: Repeatability data of ETV (System Precision)

Concentration

S.No. Peak Area Mean* =Standard Deviation %RSD
(g/mg)
1 100 0.2381
2 100 0.2389
3 100 0.2365
0.2365 += 0.027 1.16
4 100 0.2317
5 100 0.2342
6 100 0.2394
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v. Accuracy

We carried out an accuracy study by calculating
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Figure 23: Repeatability curves of single sample preparation of ETV (System Precision)

X-VIR* tablet extract (50 pg/mg). The percent recovery

was calculated by measuring the peak area, and fitting

the percent recovery of ETV by the standard addition these values into the regression equation of the
method. Known amounts of standard ETV (40, 50, and  calibration curve. Concentrations recovered are
60ug/mg) were added to a pre-quantified test mixture of  tabulated in Table 13.
Table 13: Recovery data for Entecavir Monohydrate drug product (X-VIR* tablets)
Spike Concentration of Concentration of Total Peak Concentration
S.No. Level pure ETV added | X-VIR tablet extract Concentration Area* Recovered (%)
(%) (g/mg) added (g/mg) (g/mg)
1. 80 40 50 90 0.0975 100.89
2. 100 50 50 100 0.1334 101.40
3. 120 60 50 110 0.1261 99.88

*Average of 3 determinations

Overlay spectra of the three recovery curves of
Entecavir Monohydrate recovered from the marketed

formulation of X-VIR* tablets at the spike levels of 80-

120% in absorbance and second derivative modes are
as in Fig. 24 & 25 respectively.
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Figure 24: Recovery curves for Entecavir Monohydrate from X-VIR* tablets in Absorbance mode (80-120%)
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Figure 25: Recovery curves for Entecavir Monohydrate drug product (X-VIR* tablets) in Second derivative mode

We found the method to be accurate for the of the analyte in a sample. -ICH Q2(R1). The peak area
determination of Entecavir monohydrate in tablets as the  value of the specimen scanned in absorbance mode
percentage recovery values calculated were found to be  (Fig. 26) and derivatized to second-order (Fig. 27) was
within the acceptable limits (10042%) 42,

vi. Assay

substituted into the regression equation of the
calibration curve to obtain its concentration, which we

allows an accurate statement on the content or potency Table 14.

Table 14: Assay results of marketed tablets

S.No. Brand Name

Chemical Name % Purity*

1.

X-VIR Tablets

Entecavir Monohydrate 99.75

*Average of 3 determinations

USP drug content limits for commercially available tablets is 98-102% 5%,
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Figure 26: FTIR spectrum for assay of marketed tablets (Absorbance mode)
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Figure 27: FTIR spectrum for assay of marketed tablets (Second derivative mode)

The shift in the absorbance value of the C=0
peak from 1631.67 cm™ to 1689.53 cm™ is due to the
interference of excipients in the marketed formulation #*.

IV.  COMPARITIVE ANALYSIS

To ensure this developed technique is
appropriate and superior to existing analytical methods,
we performed a few validation parameters on previously
developed and published UV and HPLC methods from
various journals " and Indian pharmacopeia #°%. The

results so obtained were compared with the current
derivative FTIR method to prove this new technique is
equally good.

a) Linearity of ETV on UV-VIS Spectrophotometer

The linearity was established on UV-VIS
Spectrophotometer by performing linear regression
analysis for the calibration curve constructed between
concentration and absorbance.

Table 15: Linearity regression analysis data for ETV [15-50 ug/ml]

S.No. Concentration (ug/ml) Absorbance *(A) at 257 nm
1. 15 1.904
2. 20 2.050
3. 25 2.102
4. 30 2.238
5. 35 2.338
6. 40 2.471
7. 45 2.605
8. 50 2.730
*Average of 3 determinations
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Figure 28: Standard calibration curve of ETV [15-50 ug/ml]
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Figure 29: Overlay of linearity spectra for ETV [15-50 ug/ml]

The investigational concentration ranges of 15-50 ug/ml (Fig. 29) were found to be linear and obeying Beer
—Lambert’s Law, as shown in Table 15 and Fig. 28. We found the regression equation to be y = 0.0232x + 1.5492

with correlation coefficient, R? = 0.9942.

b) UV-VIS Spectroscopy v/s Second Derivative FTIR Spectroscopy (Table 16)

Table 16: Comparison between UV and FTIR spectroscopies

S.No. Parameters UV -VIS Spectroscopy Second Derivate FTIR
Spectroscopy
1. Concentration Range 15-50 ug/ml 12.5-200 ug/mg
2. Regression Equation (y = mx + ¢) y = 0.0232x + 1.5492 y = 0.0015x + 0.0387
3. Coefficient of Determination (R?) 0.9942 0.9999
4, Standard Deviation (STDEV) 0.285555 0.111541
5. Standard Error between Y and X (STEYX) 0.023520 0.001457
6. Slope (s) 0.023248 0.001463
7. Limit of Detection (LOD) 3.39 ug/ml 3.29 ug/mg
8. Limit of Quantitation (LOQ) 10.12 ug/ml 9.96 ug/mg

c) Assay of ETV on RP-HPLC

We further performed the assay of Entecavir Monohydrate on RP-HPLC using water: methanol as mobile

phase. The optimized conditions are as in Table 17.

Table 17: Optimized conditions of RP-HPLC

S.No. Parameters Conditions
1. Column Enable-18H C-18 column
2. Column Dimensions 250mm x 4.6mm, 5um
3. Mobile Phase Water:Methanol (80:20)
4, Flow Rate 1.2 ml/min
5. Injection Volume 20 uL
6. Wavelength 254 nm
7. Runtime 15 minutes

We dissolved the pure drug of ETV and the
residue obtained from extracted X-VIR* tablet in
methanol (1000 ug/ml) and spiked it in 10 ml chloroform
to obtain the standard stock solutions of 100 ug/ml
each, respectively.

Then we injected these solutions into the RP-
HPLC, and the overlay chromatogram so obtained is

© 2020 Global Journals

shown in Fig. 30, where Data 1 represents
chromatogram of Standard pure ETV solution, and Data
2 represents the chromatogram of X-VIR* tablet
solution.



Table 18: Assay results of marketed X-VIR* tablets on HPLC

S.No. Chemical Name Label Claim (mg) Amount found (mg) % Purity
1 Entecavir Monohydrate 1mg 0.9006 90.06
Entecavir Monohydrate 1mg 0.8543 85.43
Entecavir Monohydrate 1mg 0.9462 94.62
Mean 0.9004 90.04

*Average of 3 determinations

We found the mean value of % purity for the second derivative FTIR method to be 99.75% and that of RP-

HPLC to be 90.04% from Table 18.
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Figure 30: Overlay of chromatograms of standard ETV (Data 2) and X-VIR* tablet formulation (Data1)

d) Statistical Analysis for Second Derivative FTIR v/s RP-
HPLC
Student t-test
We calculated the assay result of Entecavir
monohydrate by both methods. Statistical analysis of
the outcomes of the two techniques showed a

significant difference between the techniques at a
significance level ( @) of 5% (tLuacuaed = loritical)-
Furthermore, the amount of Entecavir monohydrate
calculated by both procedures was within the range
between 90 — 110%.

Table 19: Statistical data for t-test of percentage purity of ETV

Standard deviation of

Method Mean of percentage purity individual data Size of sample
Second Derivative FTIR %; =99.75 s{ =0.808 n, =3

Hypothesis: The two analytical methods, to determine
the percentage purity of Entecavir monohydrate, are not
significantly different.

Ho i =uo
Against H, u #

Since variances of the population were not
known and size of the samples was small, t-test for
difference in means was adopted assuming the

populations to be normal and we worked out the test
statistic t under the given formula:
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t =
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(ny +n, —2) ng n

P-value (Probability of rejection) = 0.05 (two-tailed)

toaiouated = 3.453
tcrmcal (005) =2.776
Degrees of freedom (df) = n,+ n,—2; (3+3-2) = 4

As our hypothesis was two-sided, we applied a
two-tailed test for determining the rejection regions at 5
percent level which came to as under, using the table of
t-distribution for 4 degrees of freedom:

R |t]>2776

The observed value of t was 3.453 (t.acuated =
teica), Which falls in the region of rejection of our
hypothesis. So we reject our hypothesis of both
methods not being significantly different and conclude
that the two ways to determine the percentage purity of
Entecavir monohydrate differ significantly.

V. CONCLUSION

The developed method for estimation of
Entecavir monohydrate is based on the application of
FTIR with derivative assistance by using the solid pellet
technique, which was compared statistically with the
pharmacopoeial method (HPLC), and the results
revealed that the developed new technique was
significantly different. Hence it proves good applicability.
It fulfilled all validation requirements in a range of
concentrations, and they can use this technique as an
alternative to the official methods.

It is suitable for quality control of both pure and
marketed solid dosage form, and similar methods can
be developed for other categories of drugs for their
estimation in the formulations.

ACKNOWLEDGEMENT

G. Pulla Reddy College of Pharmacy, Osmania
University, Hyderabad, India, supported this research
work. We would like to appreciate our allies from this
institution who provided their insight, expertise, and
comments that greatly assisted and improved this
research and its manuscript directly and indirectly.
However, they may not consent with all of the
elucidations and cessations of this paper.

We thank Prof. Dr. B. Madhava Reddy,
Principal, for his encouragement to involve in practical
approaches and to allow us to carry out this research
work. His endless support and constructive suggestions
have been precious during the entire course of work.

We are also immensely grateful to the Almighty
God for giving us the intellect, strength, determination

© 2020 Global Journals

and power to succeed no matter the challenges we had
to face to make this research a success.

Any errors, if encountered in the future, are our
own and should not tarnish the reputations of any of the
esteemed persons whose work we took as reference for
this research.

REFERENCES REFERENCES REFERENCIAS

1. Centers for Disease Control and Prevention (CDC),
Amboss. Hepatitis B Infection. [online]. Available
from URL: https://www.amboss.com/us/knowledge/
Hepatitis B#xid=0S0I-2&anker=28400c8767de
06bd1fa7338aa79959829 [Accessed 2019 July 23].

2. Amboss. General Virology. [online]. Available from
URL: https://www.amboss.com/us/knowledge/
General virology#xid=PnOWtg&anker=28045a0f1e
7deeabf3ab44b70d77653d8 [Accessed 2019 July
25].

3. Amboss. Antiviral agents. [online]. Available from
URL: https://www.amboss.com/us/knowledge/
Antiviral_agents [Accessed 2019 July 28].

4. National Center for Biotechnology Information.
PubChem Database. Entecavir hydrate.
CID=135526609. [online]. Available from URL:
https://pubchem.ncbi.nim.nih.gov/compound/Entec
avir-hydrate [Accessed 2019 August 26].

5. Yan JH, Bifano M, Olsen S, Smith RA, Zhang D,
Grasela DM et al. Entecavir pharmacokinetics,
safety, and tolerability after multiple ascending
doses in healthy subjects. The Journal of Clinical
Pharmacology. 2006 Nov; 46(11):1250-8.

6. Sharma YR. Elementary organic spectroscopy,
principles and chemical application. New Delhi,
India: Chand and Company Ltd; 20009.

7. Gurdeep R Chatwal, Sham K Anand. Instrumental
Methods of Chemical Analysis. 5" Edition. Mumbai:
Himalaya Publishers; 2005.

8. Ojeda CB, Rojas FS. Recent Applications In
Derivative Ultraviolet/Visible Absorption Spectro
photometry: 2009-2011: A Review. Microchemical
Journal. 2013 Jan 1; 106:1-6.

9. Rizwana BF, Prasana JC, Abraham CS, Muthu S.
Spectroscopic  Investigation, Hirshfeld Surface
Analysis and Molecular Docking Studies on Anti-


https://www.amboss.com/us/knowledge/%20Antiviral_agents�
https://www.amboss.com/us/knowledge/%20Antiviral_agents�
https://www.amboss.com/us/knowledge/%20Antiviral_agents�
https://pubchem.ncbi.nlm.nih.gov/compound/Entecavir-hydrate�
https://pubchem.ncbi.nlm.nih.gov/compound/Entecavir-hydrate�

10.

11,

12

13.

14,

15.

16.

17.

18.

19.

Viral Drug Entecavir. Journal of Molecular Structure.
2018 Jul 15; 1164:447-58.

Kang Y, Shao Z, Wang Q, Hu X, Yu D. Quantitation
of Polymorphic Impurity in Entecavir Polymorphic
Mixtures using Powder X-Ray Diffractometry and
Raman Spectroscopy. Journal of Pharmaceutical
and Biomedical Analysis. 2018 Sep 5; 158:28-37.
Babu NR, Padmavathi Y, Kumar PR, Babu RS,
Vijaya DV, Polker A. Development of New
Spectrometric Method for Estimation of Entecavir
Monohydrate in Formulation Using 3-Amino Phenol
as Chromogenic Reagent. Journal of
Pharmaceutical Sciences and Research. 2019 Jun
1; 11(6):2452-7.

Manoharan G, Mohamed RA. Quantitative
Determination of Entecavir in Bulk and Tablet
Formulation by a Validated Stability-indicating
Reversed-phase  HPLC Method. Journal of
Biochemical Technology. 2019 Jan 1; 10(1).

Ashraf M, Shabbir HMN, Hayat MM, Rahman J, Ejaz
S, Igbal M et al. HPLC Determination of Entecavir in
Pure, Tablet Dosage Form and Spiked Plasma.
Journal of the Chemical Society of Pakistan. 2017;
39(1):1-5.

Swathi P, Vidyadhara S, Sasidhar RLC, Chakravarthi
KK. Method Development and Validation for the
Estimation of Entecavir in Bulk and Pharmaceutical
Dosage Forms by RP-HPLC. International Journal of
Current Pharmaceutical Research. 2017; 9(5):
107-111.

Elzaher AA, Fouad MA, Elhoussini OM, Behery YE.
Validated Spectrometric Determination of
Penciclovir and Entecavir in Bulk and in
Pharmaceutical Preparations. Bulletin of Faculty of
Pharmacy. Cairo University. 2016 Dec 1; 54(2):
175-179.

Lele W, Dalvi UP. Simultaneous Estimation of
Benzyl Chloride and Benzyl Bromide in Entecavir by
using High Performance Liquid Chromatography.
World Journal of Pharmaceutical Research. 2016;
5(10): 635-643.

Jhankal KK, Sharma A, Sharma DK. Quantification
of Antiviral Drug Entecavir in Pharmaceutical
Formulation by Voltammetric Techniques. Journal of
Pharmaceutical Sciences and Research. 2015;
7(1):10-13.

Altaf H, Ashraf M, Hayat MM, Hussain A, Shahzad
N, Ahmad MB et al. HPLC Method for Simultaneous
Determination of Entecavir and Tenofovir in Human
Spiked Plasma and Pharmaceutical Dosage Forms.
Lat. Am. J. Pharm. 2015 Jan 1; 34(3).

Elgudaby HM, Hendawy HA, Zayed MA.
Microdetermination of Entecavir Drug in its
Pharmaceuticals Forms and in Biological Fluids
using Anodic Voltammetry. World Journal of
Pharmaceutical Research. 2014 Jul 22; 3(7):
1115-29.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kumar BR, Subrahmanyam KV. A New Validated
Stability-Indicating RP-HPLC Method for the
Determination of Entecavir. Journal of Global Trends
in Pharmaceutical Sciences. 2014; 5(3):1833-38.

Subbarao J, Rambabu R, Vidyadhara S. Estimation

and Validation of Entecavir in Bulk and
Pharmaceutical Dosage Forms by uv
Spectrophotometry. World Journal of

Pharmaceutical Sciences. 2014; 4(10):600-603.
Sythana S, Lavanya, Sankar ASK, Shanmuga
sundaram P, Ravichandiran V. Determination of
Entecavir in Human Plasma by LC-MS/MS and
Method Validation. International  Journal  of
PharmTech Research. 2012; 4(4):1721-29.

Malipatii SM, Athanikar BS, Dipali M. UV-
Spectrophotometric  Estimation of Entecavir in
Tablet Dosage Form. Pharma Science Monitor.
2012 Jul 1; 3(3):56-67.

Challa BR, Awen BZ, Chandu BR, Rihana parveen
S. LC-ESI-MS/MS Method for the Quantification of
Entecavir in Human Plasma and its Application to
Bioequivalence Study. Journal of Chromatography
B. 2011 Apr 1; 879(11-12):769-76.

Yunkyoung CH, Jungsuk KO, Sangbong LE,
Hohyun KI. Determination of Entecavir in Human
Plasma by High Performance Liquid
Chromatography with Tandem Mass Spectrometry.
Spring Seminar and Conference. 2011 Apr; Issue:
Korean Pharmaceutical Association Spring Seminar
and Conference. p. 281.

Yunhua W. Interaction between Entecavir and
Bovine Serum Albumin by Molecular Spectroscopy.
Journal of South-Central University for Nationalities
(Natural Science Edition). China. 2010; (1):11.
Bharath SA. Development of New Analytical
Methods for Quantitative Estimation of Entecavir
[dissertation]. [India]: RGUHS; 2011.191 p.
Amritharaj V, Kumar VCh, Kumar NS. Development
and Validation of UV- Spectrophotometric for the
Estimation of Entecavir in Tablet Dosage Form.
Journal of Pharmacy Research. 2011; 4(4):
1145-1146.

Dalmora SL, Sangoi MD, Nogueira DR, Silva LM.
Validation of a Stability-Indicating RP-HPLC Method
for the Determination of Entecavir in Tablet Dosage
Form. Journal of AOAC International. Brazil. 2010;
93(2): 523-530.

Kumar VK, Raju NA. Spectrophotometric Estimation
of Entecavir in Pharmaceutical Formulations.
Biomedical & Pharmacology Journal. 2008; 1(2):
417-420.

Fang YC, Yang XH, Liu WZ, Zhu WM, Gu Q. An
NMR Study on Entecavir Sodium. Chinese Journal
of Magnetic Resonance. China. 2006; 23(4):523.
Guideline ICH. Validation of Analytical Procedures:
Text and Methodology Q2 (R1). Geneva,

© 2020 Global Journals

E Year 2020

(B)



Global Journal of Medical Rescarch ( B) Volume XX Issue V Version I E Year 2020

33.

34.

35.

36.

Switzerland: International Conference on
Harmonization; 2005 Nov 10. p. 11-12.

Entecavir. United States Pharmacopeia and
National Formulary (USP 41 -NF 36). Rockville, MD:
United States Pharmacopeial Convention; 2016.
[online]. Available from: https://online.uspnf.com/
uspnf/document/GUID-B67119C  1-C2AB-48E2-82
77-65A614A34E49 5 en-US?Highlight=entecavir%
20monohydrate [Accessed 2019 March 20].

New Zealand Data Sheet. New Zealand Data Sheet
Entecavir Sandoz. Novartis New Zealand Limited.
Auckland. 2018. Available from: https://www.
medsafe.govt.nz/profs/Datasheet/e/entecavirsandoz
tab.pdf [Accessed 2019 June 22].

Entecavir. Indian Pharmacopoeia. 7" Edition.
Ghaziabad, India. Indian Pharmacopoeial
Commission (IPC); 2010. Vol |: 1346, 1704.
Entecavir, Entecavir Tablets, Entecavir Monohydrate
Infra-red Reference Spectra. Indian Pharmacopoeia.
7" Edition. Ghaziabad, India. Indian
Pharmacopoeial Commission (IPC); 2016. IP
Addendum.

© 2020 Global Journals



V2 GLOBAL JOURNAL OF MEDICAL RESEARCH: B
CRmpmmneny  PHARMA, DRUG DISCOVERY, TOXICOLOGY & MEDICINE
Volume 20 Issue 5 Version 1.0 Year 2020
Type: Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4618 & Print ISSN: 0975-5888

Proniosomal Gel: Formulation and Charecterization of an Antifungal
Drug (Butenafine Hcl) Loaded Proniosomes for Topical Delivery
By Thimmaraju D. R & Dr. Abdul Nasir Kurnool

Adichunchanagiri University
Abstract- The present proniosomal gel investigation was aimed to minimize the adverse effects
associated with present topical butenafine hydrochloride formulations and made to enhance its
bioavailability and sustained release by novel proniosomal drug delivery system. Butenafine
hydrochloride is an allylamine class of advanced antifungal drug. Which mainly recommended to
treat long term topical fungal infection. Proniosomes were prepared by slurry method using
different concentrations of non-ionic surfactant (span and tween) and evaluated various
parameter like surface morphology, entrapment efficiency, drug content, viscosity, drug content,
in-vitro % drug release, in-vitro fungal activity and stability studies. The results showed that
formulation (F3) containing span 60: cholesterol (1:2) showed highest drug content (99.13%) and
entrapment efficiency (79.87%) compared to other formulations. The pH and viscosity of
prepared all proniosomal gel formulation were found in range (5.40-6.11) and (8920-14400CPs)
correspondingly.

Keywords: butenafine hydrochloride, fungal infection, proniosomes, slurry method, in-vitro
diffusion studies, antifungal activity.

GJMR-B Classification: NLMC Code: QV 252

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

© 2020. Thimmaraju D. R & Dr. Abdul Nasir Kurnool. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/ 3.0/), permitting all non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Proniosomal Gel:

Formulation and

Charecterization of an Antifungal Drug
(Butenafine Hcl) Loaded Proniosomes for
Topical Delivery

Thimmaraju D. R* & Dr. Abdul Nasir Kurnool®

Abstract-The present proniosomal gel investigation was aimed
to minimize the adverse effects associated with present topical
butenafine hydrochloride formulations and made to enhance
its bioavailability and sustained release by novel proniosomal
drug delivery system. Butenafine hydrochloride is an allylamine
class of advanced antifungal drug. Which mainly
recommended to treat long term topical fungal infection.
Proniosomes were prepared by slurry method using different
concentrations of non-ionic surfactant (span and tween) and
evaluated various parameter like surface morphology,
entrapment efficiency, drug content, viscosity, drug content,
in-vitro % drug release, in-vitro fungal activity and stability
studies. The results showed that formulation (F3) containing
span 60: cholesterol (1:2) showed highest drug content
(99.13%) and entrapment efficiency (79.87%) compared to
other formulations. The pH and viscosity of prepared all
proniosomal gel formulation were found in range (5.40-6.11)
and (8920-14400CPs) correspondingly. In-vitro diffusion
studies were carried out using egg membrane,% drug release
results showed 55.08-75.46% for all formulation. In that F3
formulation exhibited highest drug release (75.46%) compared
to other formulations over a period of 30 hours. The in-vitro
antifungal activity study was concluded that proniosomal gel
formulation with drug (F3) shows better zone of inhibition than
the other formulations and marketed product. Prepared
optimized proniosomal gel formulation appeared to be stable
when stored 40°C (74.78= 5RH) for a period of 30 days. Thus,
the present work proved in delivering butenafine loaded
proniosomal gel for effective freatment of fungal infections.
Keywords. butenafine hydrochloride, fungal infection,
proniosomes, slurry method, in-vitro diffusion studies,
antifungal activity.

I. [NTRODUCTION

he main target of drug therapy is to provide
therapeutic amount of drug concentration to

proper site in the body to produce desired
therapeutic efficacy. Now a days in the field of
pharmaceutical industries are put great efforts towards
the prefabrications of existing drugs and their delivery
systems, to break the problem related to poor solubility,

Author a: Department of Pharmaceutics, Sri Adichunchanagiri College
of Pharmacy, Adichunchanagiri University, B.G Nagara, Mandya-
571448, Karnataka, India. e-mail: rajustyle28595@gmail.com

stability, toxicity, bioavailability, dosage problem
etc.'Topical administration is a preferable route for
direct, local therapy, in that it is Non-invasive and is
directly applied to the invading site and reduces
systemic adverse effects. However, it is not possible to
use all types of drugs ( antifungal drugs) through
transdermalroute.? The drawbacks of topical antifungal
formulation such as cream, lotions, spray etc. may
include difficult to apply in deep dermatophytic
infections, inadequate amount leads poor response,
inability to apply difficult to reach area such as natal
cleft, low effectiveness, redness of skin, stinging and
burning sensations as side effects.® Various attempts
have been made to improve the skin permeation of
drugs like use of permeation enhancers, electroporation,
microneedles, needleless injection, thermophoresis, etc.
But these methods damaging the protective barrier
function of the skin and may cause irritation or other skin
problems.* Hence, to overcome the problems
associated with topical antifungals formulations, this
study is intended to formulate novel drug delivery
system such as Proniosomal gel for topical
administration with model anti-fungal drug, in order to
enhance skin permeation as well as to sustain the drug
release for prolonged period of time.’ There are many
novel drug delivery systemshave been investigated by
pharmaceutical scientists to fulfil these criteria and
considerations for topical delivery of drugs. In that
nanocarrierssuch asProniosomescan make their way
easily to hair follicles and they may show accumulation
between corneocytes, skin having high lipid content so it
can easily combining with lipidic layer, Proniosomes
also have the capability to control/sustain the drug
release, which reduces the side effects and dosing
frequency of drugs.®
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a) Structure of Proniosormes
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Proniosomes are dry, free-flowing solid colloidal
carrier particles that are coated with surfactants and can
be converted to niosomal dispersion by hydrating
instantly before use on agitation in hot aqueous media
within few minutes. Proniosomes can entrap both

hydrophilic and lipophilic drugs (figure-1). Proniosomal
gels are usually present in white semisolid gel texture or
transparent and translucent. Proniosomal gels are
physically stable throughout storage and transport.”

surfactant

Niosomes

Figure 1: Action of proniosomes

b) Advantages of Proniosomes over the other vesicular
systems:

v' Proniosomes reduces the physical stability
problems of niosomes such as fusion, aggregation,
leaking on storage.

It also controls hydrolysis of encapsulated drugs
which limiting the shelf life of the  dispersion.

The entrapment of both hydrophilic and
hydrophobic drugs can be done easily by this
vesicular system.®

Sustained and controlled release of drugs can be
done due to depot formation.

More stable and Ease of use.

It leads to ease the transportation, better size
distribution and storage uniformity of dose.

These formulations are biodegradable,
biocompatible and non-immunogenic to the body.°

Butenafine hydrochloride is a synthetic
benzylamine antifungal agent. It is indicated for the
topical treatment of the following dermatologic
infections: Interdigital Tinea pedis (athlete’s foot), Tinea
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corporis (ringworm) and Tinea cruris (jock itch) due to E.
floccosum, Tinea mentagrophytes, T. rubrum, and T.
tonsurans, tinea (pityriasis) versicolor due to M. furfur.™
Butenafine Hcl is a synthetic antifungal agent that is
structurally and pharmacologically related to allylamine
antifungals. The exact mechanism of action has not
been established, but it is suggested that butenafine's
antifungal activity is exerted through the alteration of
cellular membranes, which results in increased
membrane  permeability, and growth inhibition.
Butenafine is mainly active against dermatophytes and
has superior fungicidal activity against this group of
fungi when compared to that of terbinafine, naftifine,
tolnaftate, clotrimazole, and bifonazole. It is also active
against Candida albicans and this activity is superior to
that of terbinafine and naftifine. Butenafine also
generates low MICs for Cryptococcus neoformans and
Aspergillus fumigatus as well."

The aim of the current study was to develop a
topical formulation which would be effective against
transdermal fungal infection as well as overcome the
drawbacks of current topical/ oral therapy. The
butenafine hcl loaded proniosomal gel formulation is



prepared by slurry method with some modifications. The
formulations are evaluated for its vesicle size,
entrapment efficiency (EE), viscosity, spreadability, skin
permeation, and stability.

[I.  MATERIALS AND METHODS

Materials and sources: Butenafine hydrochloride were
supplied as a gift sample by Glenmark Pharmaceuticals
Ltd. Mumbai. Cholesterol and soya lecithin were
purchased Yarrow chem products, Mumbai, India.
Span-60, Tween-60 were purchased from SD fine Chem.
Ltd. Mumbai, India, Chloroform and Ethanol Merck
Specialties PVT. LTD. All other chemicals and reagents
used were of analytical grade and were used without
further purification.

Methods:

Characterization of drug and other excipients:
Characterisation was done by Fourier transfer infrared
spectroscopy (FT-IR) (Make: Brukers alpha t- series,
Software: Opus) of butenafine hydrochloride and other
was performed.The drug and excipients were kept in 1:1
ratio at 5°C in refrigerator to observe any reaction which
may take place between drug and excipients. The
mixtures of samples were analysed by FT-IR after one
month along with standard drug and excipients as the
reference.

Procedure for preparation of proniosomes

The current proniosomes were prepared by
adopting slurry method using maltodextrin as carrier.
The composition of different proniosome formulation

accurately weighed amount of maltodextrin was added
slowly to above resultant solution with continuous
stirring to obtain slurry, otherwise it forms clump mass
because maltodextrin was water soluble. Additional
quantity of solvent was added to form slurry, in case of
lower surfactant loading. The obtained solution was
immediately transferred to round bottomed flask and
attached to rotary flask evaporator to evaporate solvents
at temperature 45+ 2°C, 60-70 RPM and reduced
pressure 600-700mm of Hg respectively. After complete
removal of solvent from the flask, thin layer of
proniosomes was obtained. Then, further dried
overnight in a desiccator (containing cacl,/ silica) under
vacuum at room temperature to get dry, free-flowing
proniosomal powder. The obtained proniosomes was
stored in a tightly closed container at 4°C until further
evaluation. The composition of different proniosomal
formulations were represented in Table-01.

Proniosomes were transformed into niosomes
by hydrating using phosphate buffer (pH 6.8), the
niosomes were sonicated twice for 2 min. usinga
sonicator. These niosomes were used in the
formulations of gels.'

Preparation of butenafine hydrochloride proniosomal gel

Butenafine hydrochloride proniosomal gel was
prepared by using 1% w/w of Carbopol-940 as a gel
base. Carbopol-940 was soaked overnight in 100ml
distilled water then mixed with niosomal suspension and
required quantity of preservatives (methyl/ propyl
paraben) were added.Triethanolamine was added drop
wise to the formulation for an adjustment of required

E Year 2020

were prepared by using various non-ionic surfactan'gs skin (pH5.8-6.0) and also to obtain gel at required =
and cholestgrol in different molar ratios and drug is consistency. The prepared butenafine hcl. proniosomal
represented in Table-01. The solvent such as chloroform  ge| was stored in the refrigerator until further evaluation
and ethanol (2:1) were used to dissolve ingredients. The gt dies. 13
physical mixtures and solvent were mixed thoroughly in
the beaker using sonicator/ glass rod. Then, an
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Figure 2: Schematic representation of preparation of proniosomes

© 2020 Global Journals



2020

Year

(98]
o]

(B)

Table 1. Different proniosomal formulation chart

Excipients
|::> Drug Soya *Surfactants
Butenafine lecithin Maltodextrin (mg) *Cholesterol
Formulation Hel (mg) (mg) (mg)
code (mg)
Span | Span | tween6
40 60 0
PF1 20 100 500 100 - - 100
PF2 20 100 500 200 - - 100
PF3 20 100 500 100 - - 200
PF4 20 100 500 - 100 - 100
PF5 20 100 500 - 200 - 100
PF6 20 100 500 - 100 - 200
PF7 20 100 500 - - 100 100
PF8 20 100 500 - - 200 100
PF9 20 100 500 - - 100 200

*Surfactant: cholesterol-(1:1), (2:1), (1:
Solvents: - Chloroform: Ethanol (2:1)- PF1-PF9

[1I.  EVALUATION STUDIES OF
PrRONIOSOMAL GEL

a) Characterization of Proniosomes

i. Photomicrography

The photomicrography was carried out using
optical microscope. A dry Proniosomes were hydrated
using saline buffer pH 6.8, then drop of suspension
were mounted on glass slide and observed under the
microscope with magnification of 40X for morphological
observation. The photomicrograph of the preparation
obtained from the optical microscope by using a digital
SLR camera.

i. Morphology study by Scanning
microscopy (SEM)

The sample of proniosomes is placed in an
evacuated chamber and scanned in a controlled
manner by an electronic beam. The dried proniosomes
were mounted on to stubs by using double-sided
adhesive carbon tape. Then proniosomes were
analyzed after gold sputtering to yield a gold film of 30
nm thickness. In the SEM (Joel, JSM-5600LV, japan),
interaction between electronic beam and vesicles
produces a variation in the physical phenomenon that
can be obtained in the form of images. These obtained
images usedfor surface characteristics.™

iii. Particle size analysis

Particle size analysis was carried out using
optical microscope. The optical microscope was fitted
with a stage micrometer to calibrate the eyepiece
micrometer. A dry Proniosomes were hydrated usings a
line buffer pHB6.8 or NaCl then drop of suspension were
transferred onto a clean glass slide and observed under
the microscope. Before placing the cover slip sample

electronic
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2) ratios respectively.

was dispersed uniformly with the help of a brush, size of
100 niosomes from the batch were measured in terms of
eyepiece division.™

b) % Entrapment efficiency

To determine the % EE, 20mg of Proniosomes
were taken in beaker and was dissolved in 20ml of co-
solvents of Ethanol and buffer pH 5.8 The free
butenafine  hydrochloride  was  separated  from
proniosomes by ultra-centrifugation  (Eppendorf
centrifuge 5430 R) at a speed of 14000 RPM for 30-45
min. at 4°C. after centrifugation 1ml of supernatant was
taken and observed at 223nm using UV
spectrophotometer (shimadzu-1800), to determine the
amount of free drug in the formulations.'®

c) Viscosity and pH studies

Viscosity of the prepared proniosomal gel is
evaluated by using Brookfield viscometer (model-
DV2TRVTJO0) with spindle No. RV-07(7) at 100 rpm. 100
g of the proniosomal gel was taken in a beaker and the
spindle was dipped in it. The viscosity of gel was
measured at temperature of 25°C. The readings of 03
were taken for average ofsamples then calculate the
viscosity.

The pH of each formulation was measured
using a calibrated digital pH meter. The readings were
taken for average of 3 samples. The normal range of
topical gel pH is 5.5-8 respectively."”

d) Spreadability

For the determination of spreadability, excess of
sample was applied between the two glass slides and
was compressed to uniform thickness by placing 1000
gm weight for 5 min. Weight (50 gm) was added to the
pan. The time required separating the two slides, i.e. the
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time in which the upper glass slide moves over the lower
plate was taken as measure of spreadability (S). The
standard range of gel spreadability is 8.4-15gm.cm/sec.
respectively.'®

Spreadability (g.cm/s) (S) = MxL/T

Where M = weight tied to upper slide, L = length
moved on the glass slide, T= time taken.

e) In-vitro drug release studies

i. Method for egg membrane preparation
The contents of egg shells were removed and
then it was dipped in the dilute hydrochloric acid (0.1N)
for 30 min. The egg membrane was separated manually
and washed thoroughly with distilled water.'®

ii. Drug release studies

In vitro release studies were carried out using
Franz diffusion cells with a receptor compartment
volume of 20 mL and an effective diffusion area of 3.14
cm?. Egg membrane was used as diffusion membrane.
A predetermined amount of gel containing proniosomes
was placed on the donor compartment and 20ml of
freshly prepared phosphate buffer of pH 5.8 is placed in
receptor compartment. The receptor medium was
continuously stirred using magnetic stirrer at37+0.5°C.
At predetermined time intervals, 0.1 mL samples were
withdrawn from the receiver compartment and replaced
with an equal volume of fresh buffer. The collected

samples were analyzed at 223 nm by using UV
spectrophotometer.

) In-vitro antifungal studies

9.75gm of Potato dextrose agar was taken in a
250 mL conical flask and dissolved in 250 mL of distilled
water. The medium was sterilized in an autoclave at 15
Ibs for 30 min. After sterilization, the medium was kept
aside at room temperature. Then medium was poured
into sterilized Petri dishes to get 3-4 mm depth uniformly
in front of laminar airflow unit. After solidification, a loop
of diluted suspension culture (Candida albicans) in
nutrient broth was added on to the surface of solidified
agar and was spread homogeneously with the help of L
shape rod. After stabilization of culture, Gels of known
concentration along with pure drug were fed into the
petridish with the help of sterile disk. Then Petri dishes
were incubated for 48 h at 37 °C. After incubation the
zone of inhibition was measured.?'

g) Stability studies of the most satisfactory formulation
Optimized formulations of butenafine loaded
proniosomal gel were subjected to accelerated stability
testing as per ICH guidelines for short term and placed
in a screw capped glass container and stored at
ambient humidity conditions and temperatures 40°C (75
+ BRH) for a period of 30 days. The samples were
analyzed for physical appearance, pH, drug content,
and in vitro drug release at regular interval of 30 days.?

IV.  RESULT AND DISCUSSION

a) Characterization of proniosomes
i. Photomicrography

Figure 3: Optical photomicrograph of proniosomal formulation F3(10x, 40x)

ii. Scanning electron microscopy
Scanning electron microscopy reveals that the
optimized  Butenafine hcl loaded  proniosome
formulation (F3) have homogeneous solid spherical
structure. And shows size ranging from 30-50pm
respectively
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Figure 4: SEM photograph of optimized formulation (F3)

iii. Particle size by photomicrography

Particle size has increased with increase in
concentration of polymer, with constant drug load and
concentration of other agents. However, size was
reduced with increase in concentration of surfactant and
mean size of particles depends upon on the rotational
and temperature of the rotavapor. The results of particle
size of each formulations were found to be 33.85-
40.03um and tabulated in table no. 02.

b) % Entrapment efficiency

Entrapment efficiency was found to increase
with increase in polymer (cholesterol) Concentration.
Increase in size of proniosomes with increase in
concentration of polymer and drug has resulted in
increase in drug entrapment efficiency and also
improves the stability of the bilayer membrane of the

vesicles. Cholesterol decreases leakage of drug
molecule from bilayer vesicle structure and also
provides spherical smooth surface to the bilayer
vesicles.

Entrapment  efficiency  of  proniosomes
formulations ranged from 64.41% to 79.87%.
niosomes formed from span 60 proniosomal gel exhibits
higher EE than other surfactant formulations (i.e. span
40, tween 60). Span 60 is solid at room temperature and
have highest phase transition. Span 60 is having the
same head group with different alkyl chains and might
lower the HLB value and thus increases the EE of the
drug. Formulation F3 containing span 60: cholesterol in
1:2 ratio showed highest EE (79.87%) and tabulated in
table no. 02.

Table 2: Mean Particle size and Entrapment Efficiency of formulation F1-F9

SL. FORMULATION MEAN PARTICLE % ENTRAPMENT

NO. SIZE (um) EFFICIENCY
1 F1 35.69 = 1.56 69.01 = 2.71
2 F2 34.15 = 1.45 71.34 £1.21
3 F3 40.08 = 0.14 79.87 = 1.93
4 F4 36.60 = 1.81 64.41 = 3.10
5 F5 34.74 = 211 70.53 £ 1.58
6 F6 38.81 = 0.56 7232 £ 217
7 F7 33.85 = 1.54 73.87 = 3.89
8 F8 35.15 = 2.21 65.37 = 0.98
9 F9 37.80 = 2.92 77.64 = 1.89

© 2020 Global Journals
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Figure 5: Comparative Entrapment efficiency of prepared proniosomes (F1-F9)

c) pHand Viscosity

The pH values exhibited by gels are tabulated in

results of viscosity of each formulation were tabulated in

table no. 03 and found in range of 5.40 to 6.11 at 25°C

which is physiologically acceptable range for topical

preparations.

The viscosity of the proniosomal gels were
found in range 8920-14400 at 25°C, as concentration of
Carbopol used in all the formulations is same (1%). The

d) Spreadability studies

table no. 03. when using spindle no. 07 respectively.

Spread ability of the different proniosomal gel

Table 3: pH, viscosity, spreadability of formulation F1-F9

VISCOSITY SPREADABILITY
FORMULATION MEAN pH (CPS) (gm.cm/sec)
F1 5.69+0.04 8,920+0.02 17.40
F2 5.55+0.02 9,960+0.01 21.27
F3 5.97+0.02 13,960=0.03 16.76
F4 5.84+0.04 10,920=0.01 18.80
F5 5.40=0.03 11,680=0.04 2219
F6 5.47+0.02 12,360+0.03 17.25
F7 6.11=0.01 9,800x0.05 21.26
F8 6.00+0.02 13,360x0.02 19.03
F9 5.93+0.01 14,400=0.01 16.40

VISCOSITY OF VARRIOUSFORMULATIONS

20,000

15,000

VISCOSITY (CPs)

Formulations

10,000
5,000 I I I
0
F1 F2 F3 F4 F5 F6 F7 F8 F9

Figure 6: Comparative viscosity of prepared proniosomes (F1-F9)

e) In-vitro drug release studies of the proniosomal gel
The release studies were carried out for all the

butenafine hcl loaded formulations. The formulation with  optimized

which shows the percentage of drug release maximum

formulation  (F3).

formulations were determined and tabulated in table no.

03.The spread ability range of gel were found to be
16.40-22.19 gm.cm/sec.

at 30 hrs. was considered as optimum. The percentage
drug release of all prepared formulation is compared

The prepared

butenafine hcl loaded proniosomes might illustrated
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initially slow release due to bursting of improper
niosomes in the formulations, after bursting proniosomal
vesicle observed rapid release process (table no. 04).
The amount of drug released from different batches of

proniosomal gel formulations was in the order of
F3>F9>F6>F1>F7>F5>F4>F2>F8. The percentage
drug release of all prepared formulation is in the ranging
from of 55.08t0 75.46%.

Table 4. In-vitro release study of butenafine Hcl formulations F1-F9

Figure 7: In vitro release profile of Butenafine Hcl formulation from F1-F9

Time in F1 F2 F3 F F5 F6 F7 F8 F9
Hour
0 0 0 0 0 0 0 0 0 0
1 4728 3.886 5.189 3.821 3.825 3.886 5.181 3.562 4533
2 6.389 5.699 7.050 6.602 5.895 6.544 6.805 5.812 7.202
3 7.538 6.817 8.170 7.440 6.628 8.737 7.645 6.353 8.209
4 9.112 7976 | 11.340 | 8.700 7584 | 10119 | 9.164 8.202 9.368
5 12.381 | 11124 | 14770 | 12190 | 10.644 | 12198 | 11.907 | 11.295 | 13.480
6 14682 | 13238 | 16270 | 14.030 | 12485 | 15459 | 14313 | 13.358 | 15.058
7 15.906 | 15.048 | 19.180 | 16.460 | 14.773 | 17.755 | 15971 | 14.980 | 16.940
8 18.528 | 16.466 | 22720 | 18970 | 16770 | 19220 | 18134 | 16525 | 20.249
9 20.194 | 18964 | 25550 | 20.550 | 19.088 | 21578 | 20.895 | 18.892 | 22.908
10 23.014 | 20961 | 27.370 | 23584 | 20573 | 24.001 | 23.746 | 21.214 | 25.390
11 25741 | 23860 | 31.110 | 25693 | 24.040 | 27.027 | 25796 | 24.002 | 28.873
12 28623 | 25700 | 33750 | 27.988 | 26.418 | 20.757 | 28.808 | 26.044 | 32.142
24 51.806 | 46630 | 63.740 | 50.362 | 47.386 | 54.850 | 51.998 | 45890 | 61.117
30 63.141 | 58001 | 75460 | 60.265 | 60284 | 66.778 | 61.719 | 55084 | 73.395
% cumulative drugrelease
90
—e—F1
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70 ——F2
60 F3
o
a 50 ——F4
Q 4
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30
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) Release kinetic studies

The release data was fitted to various
mathematical models to evaluate the kinetics and
mechanism of drug release. The kinetic data of all
formulations F1-F9 could be best expressed by first
order equation as the plots showed highest linearity
(R%:0.340-0.395), then zero order release kinetics
(R%:0.977-0.997).The release data of the optimal batch
showed F3 value of 0.997 and 0.395 for the zero order

© 2020 Global Journals

and first order respectively. The formulations were
observed to yield correlations with Higuchi model i.e.
R?=0.994 thus indicating the diffusion mechanism. The
‘n’ values obtained Korsmeyer-peppas model of F-3
was 0.443 which indicates that drug release swelling
and mechanism of release was Anomalous (non-
Fickian) diffusion.



Table 5: Kinetics values obtained for butenafine loaded proniosomal gel

Formulation Zerp order F|r§t order Higuchi's Korr'speppas N value
kinetic kinetics model Model
F1 0.991 0.373 0.989 0.916 0.416
F2 0.989 0.382 0.986 0.929 0.412
F3 0.997 0.395 0.994 0.985 0.443
F4 0.985 0.377 0.991 0.929 0.426
F5 0.983 0.371 0.987 0.979 0.404
F6 0.994 0.366 0.991 0.983 0.422
F7 0.945 0.369 0.990 0.920 0.397
F8 0.977 0.340 0.981 0.918 0.401
F9 0.995 0.393 0.993 0.984 0.441
90 - . .
%0 Zero order kinetics oF1
70 WmF2
60 AF3
50 X F4
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540 XF5
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Figure 8: Comparative Zero order release profile of proniosomal gel formulations

2.5 - First order kinetics

o oF1
5 2 mF2
S (@) AF3
Q55
= _% X F4
S 51 X F5
2 8
3 F6
2 0.5 F7
-

0 F8

F9
0 5 10 15 20 25 30 35

Time (Hour)

Figure 9: Comparative First order release profile of proniosomal gel formulations
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g) In-Vitro antifungal activity

-vitro antifungal activity of formulation was
studied by cup plate method. Results of the in-vitro
antifungal activity are shown in table-06. The zone of
inhibition is more observed in butenafine hcl loaded

The in

Figure 11: Comparative Korsmeyer-Peppa'’s release profile of proniosomal formulations

proniosomal gel formulation (F3) compared to other exhibited promising antifungal activity.

Table 6: In-vitro antifungal activity

SL.NO. FORMULATION ZONE OF INHIBITION (mm)
1 Pure drug 18+0.04
2 Marketed product (butop-1%) 12
3 F1 -

4 F2 3
5 F3 16
6 F4 8.5
7 F5 -
8 F6 9.5
9 F7 -
10 F8 7.6
11 F9 14.5

© 2020 Global Journals

formulation and pure drug was taken as a standard. The
marketed product (Butop-1% cream) showed less zone
of inhibition compared to optimized proniosomal gel
formulation (F3). From the experimental outcome, it was
concluded that prepared proniosomes gel formulation
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Figure 12: In vitro antifungal activity

h) Stability studies

The stability studies of the formulation were
carried out according to ICH guidelines. The optimized
formulations i.e. (F3) were subjected to stability studies
@ 40°C (75 = 5RH) for a period of 30 days. The
physical stability was assessed by the pH, drug content,

and % invitro drug release. The stability studies showed
that there were no significant changes in the above-
mentioned response variables. Thus, it can be
concluded that the drug was found to be stable on
storage.

Table 7: Stability studies of F3 formulation

0 5.97+0.02

99.13+2.13 75.46=0.62

30 5.93+0.01

98.91+1.12 74.78+0.91

V. CONCLUSION

Result of the present study indicates that
prepared  butenafine loaded proniosomes  gel
formulation is an alternative route for transdermal drug
deliveryto treat fungal infection. Proniosomes were
prepared by slurry method using different concentration
of cholesterol, surfactants, and soya lecithin etc. The
prepared proniosomes were evaluated for % entrapment
efficiency, spreadability, viscosity and % drug content.
The values obtained were found to be satisfactory and
complies with standard range. The in-vitro drug release
was found to increase with increase in cholesterol
(polymer) concentration and decreased with increase in
surfactant concentration. In that F3 formulation exhibited
highest drug release (75.46%) compared to other
formulations over a period of 30 hours. The in-vitro
antifungal  activity study was concluded that
proniosomal gel formulation with drug (F3) shows better
zone of inhibition than the other formulations and

marketed product. Stability studies demonstrated there
was no significant variation in pH, drug content and %
in-vitro drug release and found to be stable at the end of
storage period (30days).From the above experimental
data, it can be concluded that the transdermal delivery
of butenafine Hcl loaded proniosomal gel formulations
can be used in the future for treatment of fungal
infection with improved bioavailability.

REFERENCES REFERENCES REFERENCIAS

1. Kumar K, Rai AK. Development and evaluation of
proniosomes as a promising drug carrier to improve
transdermal drug delivery. International Research
Journal of Pharmacy. 2011 Nov; 2(11):71-4.

2. Poojary SA. Topical antifungals: A review and their
role in current management of dermatophytoses.
Clinical Dermatology Review. 2017 Oct 1; 1(3):24-9.

3. Mathur V, Satrawala Y, Rajput MS. Physical and
chemical penetration enhancers in transdermal drug

© 2020 Global Journals

Global Journal of Medical Research (B) Volume XX Issue V Version I E Year 2020



Global Journal of Medical Rescarch ( B) Volume XX Issue V Version I E Year 2020

10.

11,

12

13.

14.

15.

16.

17.

delivery system. Asian Journal of Pharmaceutics
(AJP): Free full text articles from Asian J Pharm.
2014 Aug 23;4(3).

Lam PL, Lee KK, Wong RS, Cheng GY, Bian ZX,
Chui CH, Gambari R. Recent advances on topical
antimicrobials for skin and soft tissue infections and
their safety concerns.  Critical reviews in
microbiology. 2018 Jan 2; 44(1):40-78.

Verma S, Utreja P. Vesicular nanocarrier based
treatment of skin fungal infections: Potential and
emerging trends in nanoscale pharmacotherapy.
Asian Journal of Pharmaceutical Sciences. 2019
Mar 1;14(2):117-29.

Kaur IP, Kakkar S. Topical delivery of antifungal
agents. Expert opinion on drug delivery. 2010 Nov
1; 7(11):1303-27.

Rao M, Kamble P. Formulation and evaluation of
antifungal proniosomal gel for oral candidiasis.
Journal of Drug Delivery and Therapeutics. 2018 Jul
14:8(4):291-301.

Poojary SA. Topical antifungals: A review and their
role in current management of dermatophytoses.
Clinical Dermatology Review. 2017 Oct 1;1(3).24.
Kumar GP, Rajeshwarrao P. Nonionic surfactant
vesicular systems for effective drug delivery—an
overview. Acta pharmaceuticasinica B. 2011 Dec 1;
1(4):208-19.

Open chemistry data base
ncbi.nim.nih.gov/compound/2484
Gupta AK. Butenafine: an update of its use in
superficial mycoses. Skin Therapy Lett. 2002
Sep;7(7):1-2.

Bomma G, Harika SM, Babu AM, Bakshi V.
Formulation Development and Evaluation of
Proniosomal Powder of Candesartan. Analytical
Chemistry Letters. 2017 Jul 4;7(4):567-77

Abdou EM, Ahmed NM. Terconazole proniosomal
gels: effect of different formulation factors,
physicochemical and microbiological evaluation. J
Pharm Drug Deliv Res. 2016; 5(1).

Abdou EM, Ahmed NM. Terconazole proniosomal
gels: effect of different formulation factors,
physicochemical and microbiological evaluation. J
Pharm Drug Deliv Res. 2016;5(1).

Salve PS. Development and evaluation of topical
drug delivery system for terbinafine hydrochloride
using niosomes. Research Journal of Topical and
Cosmetic Sciences. 2011;2(2):52-63.

Gurrapu A, Jukanti R, Bobbala SR, Kanuganti S,
Jeevana JB. Improved oral delivery of valsartan from
maltodextrin based proniosome powders.
Advanced Powder Technology. 2012 Sep 1;
23(5):583-90.

Shilakari Asthana G, Asthana A, Singh D, Sharma
PK. Etodolac containing topical niosomal gel:
formulation development and evaluation. Journal of
drug delivery. 2016; 2016.

https://pubchem.

© 2020 Global Journals

18.

19.

20.

21.

22.

Desai S, Doke A, Disouza J, Athawale R.
Development and evaluation of antifungal topical
niosomal gel formulation. Int J Pharm Pharm Sci.
2011; 3(5):224-31.

Balch DA, Cooke RA. A study of the composition of
hen's egg-shell membranes. InAnnales de Biologie
Animale Biochimie Biophysique 1970 (Vol. 10, No.
Hors-série 2, pp. 13-25). EDP Sciences.

El-Laithy HM, Shoukry O, Mahran LG. Novel sugar
esters proniosomes for transdermal delivery of
vinpocetine:  preclinical and clinical  studies.
European  journal of  pharmaceutics and
biopharmaceutics. 2011 Jan 1; 77(1):43-55.

Desai S, Doke A, Disouza J, Athawale R.
Development and evaluation of antifungal topical
niosomal gel formulation. Int J Pharm Pharm Sci.
2011; 3(5):224-31.

Yoshioka T, Sternberg B, Florence A. Preparation
and properties of vesicles (niosomes) of sorbitan
monoesters (Span 20, 40, 60 and 80) and a
sorbitantriester (Span 85). Int J Pharm. 1994; 105:
1-6.



GLOBAL JOURNALS GUIDELINES HANDBOOK 2020

WWW.GLOBALJOURNALS.ORG



MEMBERSHIPS

FELLOWS/ASSOCIATES OF MEDICAL RESEARCH COUNCIL
FMRC/AMRC MEMBERSHIPS

INTRODUCTION

FMRC/AMRC is the most prestigious membership of Global
Journals accredited by Open Association of Research Society,
U.S.A (OARS). The credentials of Fellow and Associate
designations signify that the researcher has gained the
knowledge of the fundamental and high-level concepts, and is a
subject matter expert, proficient in an expertise course covering
the professional code of conduct, and follows recognized
standards of practice. The credentials are designated only to the
researchers, scientists, and professionals that have been
selected by a rigorous process by our Editorial Board and
Management Board.

Associates of FMRC/AMRC are scientists and researchers
from around the world are working on projects/researches
that have huge potentials. Members support Global Journals’
mission to advance technology for humanity and the
profession.

FMRC
FELLOW OF MEDICAL RESEARCH COUNCIL

FELLOW OF MEDICAL RESEARCH COUNCIL is the most prestigious membership of Global Journals. It is an award
and membership granted to individuals that the Open Association of Research Society judges to have made a
'substantial contribution to the improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are
elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit
on the number of new nominations made in any year. Each year, the Open Association of Research Society elect
up to 12 new Fellow Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

At
|‘ ; A FMRC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
CERTIFICATE, LOR AND LASER-MOMENTO

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommendation letter to the dean

of member's university.
Credibility Reputation

DESIGNATION
GET HONORED TITLE OF MEMBERSHIP

Fellows can use the honored title of membership. The “FMRC” is an honored title
which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FMRC or William

Walldroff, M.S., FMRC.

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Fellow members of FMRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on the future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ INTERNAL ACCOUNT
UNLIMITED FORWARD OF EMAILS

Fellows get secure and fast GJ work emails with unlimited storage of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to all the premium
tools that Global Journals have to offer along with the partnership with some of the

! best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS

EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES
All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .



PUBLISHING ARTICLES & BOOKS
EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
70% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper. The FMRC member can decide its

price and we can help in making the right decision.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

ACCESS TO EDITORIAL BOARD
BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows and Associates may join as a member of the Editorial Board of Global Journals Incorporation (USA) after
successful completion of three years as Fellow and as Peer Reviewer.

Credibility Reputation

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook



AMRC

ASSOCIATE OF MEDICAL RESEARCH COUNCIL

ASSOCIATE OF MEDICAL RESEARCH COUNCIL is the membership of Global Journals awarded to individuals that
the Open Association of Research Society judges to have made a 'substantial contribution to the improvement of
computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.
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BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

'\
‘ ‘F A AMRC member gets access to a closed network of Tier 2 researchers and
~ scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
CERTIFICATE, LOR AND LASER-MOMENTO

Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

:::N Associates can use the honored title of membership. The “AMRC” is an honored
_ B title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., AMRC or

William Walldroff, M.S., AMRC.

L‘-‘.' '
Or
w e i

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of AMRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for

better visibility and citation.
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FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on future publications with Global Journals up to 30%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ ACCOUNT
UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with 5GB forward of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS
To take future researches to the zenith, fellows receive access to almost all the
premium tools that Global Journals have to offer along with the partnership with

© some of the best marketing leading tools out there.

CONFERENCES & EVENTS

ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS
| EARN 60% OF SALES PROCEEDS

|
Associates can publish articles (limited) without any fees. Also, they can eamn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.
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ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

POLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e llustrations

e |Lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

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

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

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.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

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

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative 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) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

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

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning 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 a
research paper?” Then consider synonyms for the important words.

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

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be 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. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). 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.

Color charges: Authors are advised 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. Also, you can email your editor to remove the
color fee after acceptance of the paper.

TIPS FOR WRITING A GOOD QUALITY MEDICAL RESEARCH PAPER

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. 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.

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

4. Use of computer is recommended: As you are doing research in the field of medical research then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

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

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. 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 for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

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

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon 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 for 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 of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

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

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

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

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite 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 approaches 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. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a 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 limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity 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.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate 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 to give the least amount of information that would permit
another capable scientist to replicate 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 section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show 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:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

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

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

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

The principle of a results segment is to present and demonstrate your conclusion. Create this part as 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. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

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

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an 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 implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully 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 the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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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.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of 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?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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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

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

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

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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