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Delivery of Macromolecular Drugs using Microsphere Technology
By Shabna, Sijo Pattam, Vimal Mathew & Sujith Varma

National College of Pharmacy, India

Introduction- Resent years have witnessed development of protein- based therapeutic agent as the main
focus of biotechnology industry. Progress made in biotechnology, genomics and combinatorial chemistry
have led to the discovery of a wide variety of active moiety for specific therapeutics application. However,
the common problems associated with these active moieties such as poor stability, low solubility, high
potency etc, have paved way for developing a new method of drug delivery system. Considerable
attention was made for the development of new drug delivery technology in recent research. The reason
for developing a new drug delivery system is to apply in some clinical situations, where a constant drug
delivery rate is insufficient, like delivery of insulin for patients with diabetes mellitus, gastric acid inhibitors
for ulcer control, anti arrhythmic for patients with heart rhythm disorders, nitrates for patients with angina
pectoris, birth control, immunization, cancer chemotherapy, selective B-blockade and general hormone
replacement. The treatment for these clinical conditions could be optimized through the use of a novel
delivery system (NDDS) (1). For delivering genetically engineered pharmaceuticals like peptides and
proteins to the site of action, without incurring biological inactivation, need new system of delivery.
Targeting the active moiety for better therapeutic efficacy can improve patient compliance by reducing the
size and number of doses. Over the past decades major development were made in systemic delivery of
protein and peptides by oral, transdermal and pulmonary routes (2-3).

GJMR-B Classification : NLMC Code: QV 55

DELIVERYDOFMACROMOLECULARDRUGSUSINGMICROSPHERETECHNOLOGY

Strictly as per the compliance and regulations of:

© 2015. Shabna, Sijo Pattam, Vimal Mathew & Sujith Varma. 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.



Delivery of Macromolecular Drugs using
Microsphere Technology
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[. INTRODUCTION

esent years have witnessed development of
Qprotein- based therapeutic agent as the main

focus of biotechnology industry. Progress made
in  biotechnology, genomics and combinatorial
chemistry have led to the discovery of a wide variety of
active moiety for specific therapeutics application.
However, the common problems associated with these
active moieties such as poor stability, low solubility, high
potency etc, have paved way for developing a new
method of drug delivery system. Considerable attention
was made for the development of new drug delivery
technology in recent research. The reason for
developing a new drug delivery system is to apply in
some clinical situations, where a constant drug delivery
rate is insufficient, like delivery of insulin for patients with
diabetes mellitus, gastric acid inhibitors for ulcer control,
anti arrhythmic for patients with heart rhythm disorders,
nitrates for patients with angina pectoris, birth control,

immunization, cancer chemotherapy, selective B-
blockade and general hormone replacement. The
treatment for these clinical conditions could be

optimized through the use of a novel delivery system
(NDDS) (1). For delivering genetically engineered
pharmaceuticals like peptides and proteins to the site of
action, without incurring biological inactivation, need
new system of delivery. Targeting the active moiety for
better therapeutic efficacy can improve patient
compliance by reducing the size and number of doses.
Over the past decades major development were made
in systemic delivery of protein and peptides by oral,
transdermal and pulmonary routes (2-3).

The controlled release technology aims to
deliver the drug overcoming the difficulties associated
with traditional methods of administration. Controlled
delivery technology utilizes devices such as polymer
based disks, microparticles or pallets, rods, which can
encapsulate the drug and release in a controlled
manner for a prolong period of time. Among the various
devices for the controlled release, biodegradable
polymer microspheres are the one most used, and can
be administered by injecting into the blood stream via

Author o o p: Department of Pharmaceutics, National College of
Pharmacy, Manassery, Kozhikode-673602, Kerala State, India.

Author €: Associate Professor & Head, Department of Pharmaceutics,
National College of Pharmacy, Manassery-673602, Kozhikode, Kerala
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intramuscular injection, subcutaneous, oral or by
inhalation (4). Polymeric materials are the most diverse
class of materials and offer benefits to patient health
care and treatment (5). Very few of these systems have
reached the market and its reason may be due to the
failure in addressing the fundamental concepts of
pulsatile delivery regardless of the route of
administration.

Micropsheres are defined as homogenous,
monolithic particles with size ranging from 1-1000 um.
They are employed as drug carriers for controlled

release. Microspheres are also referred to as
microparticles.  Microsphere  technologies  have
significant importance in biomedical application.

Delivery of therapeutic moiety by microspheres will
improve the therapeutic efficacy by providing
localization of the active substance at the site of action,
and thereby prolonging the release of drugs. Sensitive
drugs like proteins and peptides may be protected
against chemical and enzymatic degradation when the
drugs are enclosed in microspheres (6-7). Microspheres
are prepared from natural and synthetic materials.
Different microspheres are commercially available in
market like glass microspheres, polymer microspheres,
and ceramic microspheres and are used for different
applications.

Delivering therapeutic moiety inside the body
utilizes polymeric microspheres as the carrier (8). The
polymeric microspheres can be biodegradable or non
biodegradable. Non biodegradable microspheres when
injected inside can cause carrier toxicity when used over
a long period of time however; biodegradable
microspheres tend to exclude these problems and are
better suited for parentral applications. Biodegradable
microspheres are prepared either from synthetic and
natural polymers, and the main requirement for such
products is that the degradation products should be
nontoxic. The natural biodegradable polymers such as
polysaccharides and proteins undergo biodegradation
by enzymatic degradation in the body; synthetic
polymers undergo biodegradation by utilizing the
hydrolysable linkage like esters, amide, urea, and
urethanes. In the past few decades more biodegradable
polymers have been utilized for the development of
effective delivery of drugs such as DNA, protein and
incorporation of these agents can prevent the
degradation in vivo and in vitro there by improve the
therapeutic effect and prolong the biological activity (9-

© 2015 Global Journals Inc. (US)
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10). Currently biodegradable polymers like dextran,
chitosan, starch, alginate, and pullulan are used for
incorporation of macromolecular drugs. Although many
synthetic biodegradable polymers were developed for
various biomedical applications, use of natural
biodegradable polymers is a better choice due to their
abundance in nature, biocompatibility and modifiability
(11). Among the natural biodegradable polymers,
protein based polymers such as gelatin, collagen,
albumin and polysaccharides- based polymers like
(chitosan, hyaluronic acid, starch, and dextran) are used
for drug delivery. The drug delivery based on polymer
prepared from polysaccharide are gaining more
important due to their cost-effectiveness, wide range of
physicochemical properties, flexibility in obtaining

desired release profile and ease in modification for
specific applications and have wide regulatory
acceptance(12). These polymers besides their

application in drug delivery system, also used in various
pharmaceutical formulations.

[I. MICROSPERES AS A CARRIER SYSTEM FOR
DRUG MOLECULES

Several devices are used for controlled release
of drug molecules, The most commonly used are
biodegradable polymeric microspheres, nanoparticles,
microcapsules [13-14]. These delivery devices are
highly useful because they can be administered to a
variety of locations in vivo via a syringe needle [13-14].
The microspheres can be incorporated with drug
molecule small molecules, proteins and nucleic acid.
These delivery devices have high bioavailability and
show good biocompatibility, which is capable of
sustaining the release of drug molecule for a longer
period of time. Many drug molecules could be
incorporated on biodegradable microspheres
regardless of their molecular weights and water solubility
using different manufacturing techniques [15-19].

I11. DIFFERENT TYPES OF MICROSPHERES
USED IN DRUG DELIVERY SYSTEM

Magnetic microspheres are an important type of
drug delivery system and have the ability to localize the
drug concentration at the site of action. Magnetic
responses are received by the magnetic carriers in
response to a magnetic field from incorporated
materials which are used in magnetic microspheres like
chitosan, dextran etc [20]. The magnetic microspheres
are the supramolecular particles, which are small (<4
um) can circulate through the capillaries. The magnetic
microspheres are susceptible (ferromagnetic) to get
captured into micro vessels and later get dragged into
the adjacent tissue with the help of magnetic fields. In
magnetic microspheres some portions of the freely
circulating drug molecules can be replaced by
incorporating smaller amount of magnetically targeted

© 2015 Global Journals Inc. (US)

drug. The magnetic microspheres can be prepared by
different processes continuous solvent evaporation

process (CSE) by phase separation emulsion
polymerization method (PSEP). Therapeutic magnetic
microspheres are utilized for delivering

chemotherapeutic agents to liver tumour and other
drugs like proteins and peptides for drug target [21].
Magnetic microspheres can also be used for the
diagnostic purpose that can be used for imaging liver
metastases [22].

The oral controlled drug delivery system is one
of the most promising route because of the low cost and
high level of patient compliance. The effective oral drug
delivery may depend on several factors like,
gastrointestinal transit time of the dosage form, gastric
emptying process, release of drug from the dosage
form and finally the site of absorption. The gastric
emptying process is one of the variables, which
depends on the type of dosage form and the fed and
the fasted state of stomach. The normal gastric
residence time is between 5 minutes to 2 hours. In
empty stomach the transit of dosage forms takes place
by the electrical activity in the stomach and the
interdigestive myoelectric cycle or migrating myoelectric
complex. The retentive systems can remain in the
gastric region for several hours and there by prolong the
gastric residence time of drugs [23]. Prolongation of the
gastric retention can improve the bioavailabity of the
drug, improves solubility for those drugs which show
poor solubility at high pH and also reduce drug
wastage. Floating type microspheres are one such
group having bulk density lower than the gastric fluid
and remain buoyant in stomach. The floating
microsphere does not affect the gastric emptying time
and the release of drug is initiated at the desired rate.
Floating drug delivery system can be divided into
effervescent systems and non-effervescent systems.
The mechanism by which the floating microsopheres
release the drug is when the microspheres come in
contact with gastric fluid the polymer forms a colloidal
gel barrier, which controls the rate of fluid penetration
into the device resulting in drug release. When exterior
surface of the delivery system dissolves, a gel layer will
be maintained by the hydration of the adjacent
hydrocolloid layer. The buoyancy of the microspheres is
initiated by the entrapment of air by the swollen polymer
[25-26]. The floating type microspheres prepared from
acrylic resins, eudragit, cellulose acetate, polyethylene
oxide, polystyrene floating balloons and gelucire floating
granules are the recent developments in this category.

Microspheres with bioadhesion property are
another group, which can be utilized for drug targeting
to a particular region of the body for a prolonged period
of time. The term mucoadhesion was coined for the
adhesion of polymers with the surface of mucosal layer.
The adhesion takes place via interfacial forces between
drugs to the membrane by using the sticking property of



water soluble polymers. The adhesion between
polymers attached to the mucin layer of mucosal tissue
is an example of bioadhesion[27]. The mucoadhesion is
used when mucosal layer, which is present in number of
regions which include urogenital tract, airways, GIT, ear,
nose and eye. Hence these sites can be utilized as
potential  sites for bioadhesive system. The
mucoadhesive drug delivery system can be used for
oral, nasal, buccal, vaginal, rectal and ocular route of
administration. These microspheres exhibit prolonged
resident time and offers intimate contact with the
absorption site and offer better medicinal action [21].

Radioactive microspheres are the groups which
can emit beta or gamma radiation either alone or in
combination. These microspheres are available in wide
range of biocompatible glass compositions such as
aluminosilicate, borate, silicate and borosilicate. The
ideal characteristic required for radioactive
microspheres are bioabsorbability or bio-inertness and
they can be in the size range of 10-30 nm. These
microspheres are injected to the arteries and get
localized to the tumor of interest. The radioactive
microspheres can deliver high radiation dose to the
target area without causing any side effect to the normal
surrounding tissues.

The floating microspheres also called hollow
microspheres and are referred to as the gastro-retentive
drug delivery system by non effervescent approach. The
floating microspheres have low bulk density than the
gastric fluid and helps to remain buoyant in stomach
without affecting the gastric emptying rate. Floating
microspheres are spherical empty particles without a
core and are free flowing powders consisting of proteins
or synthetic polymers with a size range of 1-1000 um.
The release of drug from the floating microspheres takes
place slowly resulting in increase gastric retention with
reduced fluctuations in plasma drug concentration (28-
29). These types of microspheres are prepared by
solvent diffusion and evaporation methods to create a
hollow inner core. The characterization of floating
microspheres can be done based on micromeritic
properties such as particle size distribution, tapped
density, true density, flow properties, compressibility
index, scanning electron microscopy, in vitro floatability
studies, in vitro drug release studies and stability studies
etc.

IV. PREPARATION OF MICROSPHERES

Varieties of techniques have been developed for
the preparation of microspheres to be used as drug
delivery system-combinations of phase separation or
precipitation, emulsion/solvent evaporation (30-36), and
spraying methods (37-41). The control of the particle
size and size distribution can be initiated by varying the
fabrication parameters. The incorporation of the drug on
to microspheres can be done by several different ways

depending on the properties of the drug molecule. A self
assembled  polydisperse  porous  microspheres
preparation was studied and was prepared by self
assemble of three peptides containing various
conformationally flexible and rigid y-amino acids. The
three peptides used for the self assembly are peptide 1,
which adopts an extended backbone confirmation. The
peptide 2 will form a turn like structure and peptide 3
can adopt a kink-like conformation. These peptides are
consistent with increase rigidity of the N-terminaly y-
amino acids. These peptides in solid state in methanol-
water system (19:1) solution they assemble and form
polydisperse porous microspheres. The SEM images
have revealed that microspheres have a diameter range
from 500 nm-1um (42). The most common method
especially at the lab scale is emulsion-solvent
extraction/evaporation methods. In this process a
polymeric  solution containing the drug to be
encapsulated are emulsified in a non-solvent phase
(continuous phase) containing the stabilizer. The
emulsions are then prepared by any of the physical
methods adopted such as homogenization and
sonication(43). The components are chosen in such a
way that the solvent is slightly soluble in the non-solvent.
Once the emulsification is affected the solvent is
extracted into the continuous phase and allowed to
evaporate, while the non-solvent may penetrate into the
polymeric droplets. The loss of solvent will help the
disperse phase to get enriched in polymer until the
droplets get harden to become particle. The
microspheres so formed are then filtered, washed and
lyophilized. Microspheres containing Aceclofenac are
prepared by emulsion solvent evaporation techniques
by using sodium PVP as emulsifying agent and eudragit
as polymer (44).

Emulsion cross linking method is also another
method for fabricating the microspheres. A typical
example for microspheres prepared by this method
include chitosan microspheres, in which chitosan gel in
dispersed in toulune containing span 80 as emulsifying
agent and resulting w/o emulsion are crosslinked by
glutaraldehyde. The microspheres obtained were then
washed with acetone and touluene, later collected as
free flowing powder (45). The microspheres can also be
prepared by Co-acervation phase separation method.
The first step involved in Co-acervation method is
formation of three immiscible phases namely- liquid
manufacturing vehicle, core material and coating
material. The core material (drug) were added on a
coating polymer solution and is made immiscible in the
liquid state by using one of the techniques like changing
temperature, addition of salt, addition of non solvent,
inducing polymer-polymer interaction and finally addition
of incompatible polymer to the polymer solution. The

polymeric coating material in liquid form is then
deposited on to core material and finally the
micropsheres were rigidized by cross linking,

© 2015 Global Journals Inc. (US)
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desolvation or thermal treatments (46-47). The spray
drying techniques for preparing microspheres, involves
the dispersion of the core material on a liquefied coating
material and later the mixture are sprayed in an
environment for effecting solidification of coating
followed by rapid evaporation of solvent. The spray
drying is a rapid process, but sometimes may loose
crystalinity due to the fast drying process (48). A novel
quasi-emulsion solvent diffusion method was developed
for preparing a controlled-release microsphere made of
acrylic polymer containing ibuprofen. The procedure
involves an ethanol solution of ibuprofen and acrylic
resin was mixed in an aqueous medium with stirring.
The fine dispersion of ethanolic droplet such as
coacervates formed in the aqueous media is later
solidified gradually to form microspheres during
agitation (49). The microspheres prepared by multiple
emulsion method, involves the dispersion of the
powdered drug in polymeric solution. The dispersion
was then emulsified by using ethyl cellulose solution in
ethyl acetate. The primary emulsion so formed was then
re-emulsified in aqueous medium to get discrete
microspheres (48).

Another technique adopted for the preparation
of microsphere is ionic gelation, which involves the
addition of drug in an agueous polymeric solution with
continous stirring. The resulted mixture was added drop
wise to solution containing  calcium/aluminum
compounds and chitosan solution in acetic acid. The
microspheres formed were kept in original solution for
24 hrs for internal gellification and later separated by
filtration (48).
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Marijuana: Neurotoxic or Neuroprotective”

Manoj Banjara

Abstract-  Chronic marijuana intake was known to induce
morphological changes to the brain impairing memory and
learning ability. However, several studies demonstrated the
protective effect of marijuana post-brain traumas. This article
reviews studies that strengthen our horizon to understand the
effects of marijuana smoking in brain. This review predicts that
optimum use of marijuana or pure marijuana compound can
be beneficial or detrimental depending on the consumed
dose.

Keywords: marijuana,
neurotoxic.

cannabinoids, neuroprotective,

[. INTRODUCTION

arijuana is the dried leaves, flowers, stems, and
I\/l seeds from the plant Cannabis sativa. It has a

several psychoactive chemicals along with a
relatively well-characterized delta-9-tetrahydro-
cannabional  (A%-THC). Marijuana can also be
concentrated in a resin called hashish or a black sticky
liquid called hash oil.lt is the most common illicit drug in
the United States. Even though federal government
considers marijuana as a Schedule | substance, several
states have legalized it for medicinal and recreational
use (www.drugabuse.gov).

Numerous compounds are produced when
marijuana is smoked, which may have acute or chronic
effect. G protein-coupledcannabinoid (CB) receptors are
involved to respond acute effects of cannabinoids and
the development of tolerance. CB1 receptors are
predominantly available in the hippocampus, striatum,
and cerebellum in the brain (Ameri 1999).Another
cannabinoid receptor, CB2, is mostly found in spleen,
which has only about 44% nuclectide sequence
similarity with CB1 receptor(Ameri 1999).

Even though marijuana is the most common
street drug, it has been employed as a therapeutic drug.
There are well-proofed potential medicinal actions of
marijuana, such as antiemetic, analgesia,
anticonvulsant, and lower intraocular pressure (Hollister
1986).However, psychological effects, development of
tolerance, and the abuse potential of marijuana have
discouraged their medicinal use. In addition, the public
debate exists whether or not marijuana should be
legalized. Thus, it is the aim of this review to present the
effect of marijuana and its psychoactive components on
brain and evaluate if it is neuroprotective or neurotoxic.

Author: Department of Biomedical Sciences, Texas Tech University
Health Sciences Center, Amarillo, TX. e-mail: btsmanoj@gmail.com

[I.  NEUROLOGICAL EFFECTS

Although marijuana have shown direct cellular
effects on a number of organ systems such as immune
system, liver, reproductive system, and digestive
system, major behavioral and pharmacological effects
involve the central nervous system (CNS)(Ameri 1999).
The behavioral effects of marijuana may vary depending
on dose and route of administration, expectations of
subjects, and individual vulnerability to certain effect.
Marijuana at low doses generally produces euphoric,
relaxation, and stimulatory effects, and at higher doses
they exert predominantly depression(Lukas et al. 1995).
Acute marijuana is associated with impaired functioning
in cognitive and performance tasks such as reaction
time, learning perception, motor coordination and
attention (Court 1998; Heishman et al. 1997). Multiple
studies have implicated that marijuana deficits short-
term memory, whichmeditate CB1 receptors(Heyser et
al. 1993; Lichtman and Martin 1996).

One biological effects of A’-THC is their ability
of inhibiting pain transmission(Martin et al. 1996),
potentially involving neuronal pathway of « opioid
receptors with distal or converging pathway of
cannabinoid receptors(Ameri 1999; Calignano et al.
1998).

Multiple studies suggest that marijuana
possess antiepileptic properties in animal seizure
models and human patients (Carlini and Cunha 1981;
Karler and Turkanis 1981). Available evidences
predictedthe antiepileptic property of marijuana is due to
its interaction with the glutamatergic transmission in the
central nervous system (Feigenbaum et al. 1989).

[II. MARIJUANA-INDUCED CNS
MODIFICATION: NEUROTOXIC OR
NEUROPROTECTIVE?

Multiple studies revealed neuroprotective and
neurotoxic effects of marijuana in animal models or
human systems. It was shown to induce beneficial or
detrimental effects at cellular level(Bash et al. 20083;
Sarne and Keren 2004).

Many epidemiological studies have
demonstrated that chronic use of marijuana deteriorates
cognitive functions, specific impairment of attention,
memory, and executive function (Pope and Yurgelun-
Todd 1996; Schweinsburg et al. 2008; Solowij et al.
1995). Interestingly, unlike ethanol, cognitive impairment
caused by marijuana is not clearly dose-dependent.
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However, chronic (at least several months) marijuana
exposure may cause long-term impairment (Pope and
Yurgelun-Todd 1996).A major psychoactive ingredient of
marijuana, A°>-THC, persistently reduced maze learning
ability in rats(Fehr et al. 1976; Stiglick and Kalant 1982;
Stiglick et al. 1984). Similar results were detected in rats
with hippocampal lesions, suggesting the possibility of
neurotoxic effects of marijuana in the hippocampus
(Morris et al. 1982). In addition, neuronal death and
reduced synaptic density and dendritic length of
pyramidal neurons were measured in the hippocampus
of chronic marijuana administered rats(Landfield et al.
1988; Lawston et al. 2000). Furthermore, THC induced
neuronal death in the neuronal cell lines, cultured
hippocampal neurons or hippocampal slices(Chan et al.
1998). Chan et al. presented evidences of A°-THC
inducing apoptosis of hippocampal neurons by
shrinking neuronal bodies and nuclei as well as DNA
fragmentation (Chan et al. 1998). Furthermore, the
neuronal cell loss is assumed to be responsible for
impairment in memory after long-lasting consumption of
marijuana. 10 and 1 uM THC are found to induce 50%
hippocampal neuronal death in 2 hr and 5 days,
respectively (Chan et al. 1998). In a separate report,
marijuana was considered to produce toxic
encephalopathy in young humans (Court 1998).

In contrast to the above reports, marijuana
induces the expression of endocannabinoid 2-
arachidonoyl glycerol (2-AG), which reduced brain
edema and infarct volume following severe closed head
injury(Sarne et al. 2011). In addition, CB1 and CB2
receptors agonist Bay 38-7271 demonstrated
neuroprotective properties in traumatic brain injury and
focal ischemic rat models (Sarne et al. 2011; Sarne and
Keren 2004). Additionally, the role of endogenous
cannabinoid system is suggested to be neuroprotective
(Guzman et al. 2001; Mechoulam et al. 2002). Multiple in
vitro studies have reported protection of neurons in
culture by cannabinoid agonists acting through CB1
receptors(Shen and Thayer 1998). Also, CB1 receptor
acting cannabinoid agonists protected hippocampal
neurons from synaptically- mediated excitotoxicity
(Abood et al. 2001). Furthermore, the cannabinoid
agonist CP-55, 940 protected cortical neurons from
glutamatergic excitotoxicity by CB1 receptor-mediated
voltage-dependent  calcium  channels  inhibition
(Hampson and Grimaldi 2001). Other synthetic
cannabinoid WIN55 and 2122 administered daily (twice,
2 mg/kg) to rats increased hippocampal granule cell
density and dendritic length in the CA3 pyramidal cell
layer (Chan et al. 1996).

Some studies did not show any effect of
marijuana in central nervous system. An MRI study
found no evidence of cerebral atrophy or regional
changes in tissue volumes among 18 current, frequent,
adult marijuana users compared to 13 adult non-users
(Block et al. 2000). A study claimed ultrastructural

© 2015 Global Journals Inc. (US)

changes in septum and hippocampal in rhesus
monkeys by marijuana smoking(Harper et al. 1977,
Heath et al. 1980), however, subsequent larger study
failed to show effect of marijuana in the histopathology
of monkey brain (Scallet 1991). The neuroprotective or
neurotoxic effect of marijuana is potentially determined
by the amount inhaled or ingested as shown in Fig. 1.

IV. SUMMARY

The increasing legalization of marijuana for
medical and recreational use renewed the interest in its
potential effect on health and therapeutic applications.
Marijuana, THC, and other cannabinoid agonists all
have a common problem of a narrow therapeutic
window between clinical benefits and the unwanted
psychic side-effects. Further elaborated studies at
multiple doses for short- and long- term consumption is
essential prior to conclude beneficial or detrimental
effect of marijuana in the central nervous system.
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FIGURE LEGEND

Figure 1. Marijuana dose determines beneficial or detrimental effect of marijuana consumption. Research so
far indicated that low dose of marijuana has beneficial and neuroprotective response. However, higher marijuana
dose stimulate psychoactive impairment as well asmemory and attention deficits, potentially due to its neurotoxic
effect.
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Abstract- Objective: The objective of this study was to assess of factors affecting adherence of
pediatric TB patients to anti TB drugs in Adama referral hospital.

Methodology: Retrospective cross sectional study has been conducted from March 19" to May
20" 2014 to assess factors affecting adherence of pediatrics TB patients to anti TB drugs in
Adama referral hospital. Data collection format was used to collect data from available data
sources such as patients’ medical cards and DOT registration book. Simple random sampling
technique has been used in this research and data was presented in table and categorized and
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Non Adherence and its Contributing Factors to
Anti-TB Drug in Children’s at Adama Referral
Hospital, Oromia, Ethiopia
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Abstract- Objective: The objective of this study was to assess
of factors affecting adherence of pediatric TB patients to anti
TB drugs in Adama referral hospital.

Methodology: Retrospective cross sectional study has been
conducted from March 19" to May 20", 2014 to assess factors
affecting adherence of pediatrics TB patients to anti TB drugs
in Adama referral hospital. Data collection format was used to
collect data from available data sources such as patients’
medical cards and DOT registration book. Simple random
sampling technique has been used in this research and data
was presented in table and categorized and analyzed by using
SPSS computer software package.

Result: Among 91 patients 42(46.1%) were males and
49(53.8%) were females. And 16 (17.6%) of patients were
below 5 years of age, 30(32.96%) and 45(49.5%) of patients
were between age of 6-10years and between11-15 years of
age, respectively. Among all pediatrics patients 59(64.83%) of
them adhered to treatment program while 27(29.67%) patient
defaulted (not adhered to) the treatment program. But for
5(5.5%) patients at end of program it was not known whether
they defaulted or completed the treatment. At the end of
treatment program 14(15.38%) of patients were cured while
6(6.6%) of the patients were not cured due to either MDRTB
development or relapse, and 6(6.6%) of the patient were died.
The most common factor identified to affect pediatrics
adherence to anti TB medication were parents’ knowledge of
TB, parents relationship with provider, presence or absence of
other reason like feeling better, forgetfulness and residence
area.

Conclusion: As this study shows 29.67% of patients did not
adhere to their treatment program. Also, this study shows that
adherence of pediatric patients to their medication is not only
affected by patient taking medication as prescribed but also
by parent knowledge of TB, parent relationship with provider,
presence or absence of other reason like feeling better,
forgetfulness and residence area.

Keywords: pediatric patients, adama, adherence, TB
patients.

[. INTRODUCTION

a) Background Information
uberculosis is an infectious disease caused by
Tmycobacterium tuberculosis which is transmitted
through the air, by ingesting infected milk or meat

Author o o p @ ¥: Ambo University, College of Medicine and Health
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e-mail: b.pharm2006@yahoo.com

and it is both preventable and curable disease. People
who have pulmonary tuberculosis can infect other
through droplet infection when they cough, sneeze, and
talk. If TB is detected early and fully treated, people with
disease quickly become non infectious and eventually
cured (1).

The WHO in its global plan to stop TB report
that poor treatment has resulted in evolution of
mycobacterium TB strain that do not respond to
treatment with standard first line combination of anti TB
drug. Emergency of multi drug resistant TB, extensive
drug resistant TB, HIV associated TB and weak health
system are the major challenge to TB control program
globally (2).

One of the greatest challenges facing most TB
program is that of patient who do not complete their TB
treatment for one or more reasons such as patient are
not only at risk of relapsing ,but also they may develop
resistances to one or more potent first line TB drug
,such as isoniazid (INH),rifampcin(RMP) Pyrazinamide
(PZA), ethambutol (ETH)and streptomycin(2).

Out of approximately one million estimated case
of TB in children world wide,75% occur in the 22 high
burden countries and majority of children with smear
positive TB who are <15 years of age were in Africa and
south east Asia. In low income countries childhood TB is
associated with malnutrition, poverty, over-crowding,
higher death rate and lower treatment success rate (3).

Although the true burden of childhood TB is not
well known, it is one of the 10 major causes of childhood
mortality with estimated annual death of 74,000 130,000.
Ethiopia is one of 22 high burden countries in which TB
is the second leading cause of death ,it is estimated that
children contribute to 16% of national TB burden.
Childhood TB is marker of recent transmission in
population; moreover, children are the primary victims of
poor TB control programs and TB is significant
childhood morbidity and mortality in the country (4).

Adherence to long term therapy is a multi-
dimensional phenomenon determined by the interplay of
five set factors namely social and economical factor,
health care team, conditional related factor, therapy and
patient related factor (6).
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Poor adherence to treatment of chronic disease
including TB is a worldwide problem of striking
magnitude, however patient with TB are expected to
have adherence level greater than 90% in order to
facilitate cure .The failure for cure increase the risk of
development of drug resistance TB and further spread in
community which in turn increase morbidity and
mortality (5)

In sub sub-Saharan Africa there is high rate of
loss to follow up of TB patient that range from 11.1% -
29%. Ethiopia is one of the seventh countries that
reported lower rate of treatment success and patient
who take TB treatment irregularly and unreliable way are
at greatly increased risk of treatment failure(5).

b) Statement of the Problem

Compliance to TB treatment continues to be
one of the major obstacles that TB control program
worldwide have to deal with, especially in developing
countries (7). Poor compliance and defaulting anti TB
treatment contribute to the increase of multi drug
resistant mycobacterium tuberculosis (8). In addition,
comprehensive studies on resistance to anti TB drug in
children are lacking, because they are not included in
global survey. Surveillance of anti TB drug resistance
during 1995-2007 among children from south Africa
showed a significant increase in resistance to INH and
RMP from 2.3%-6.7%. Drug-resistance among children
has been documented in clinical trial of both pulmonary
and extra pulmonary tuberculosis (4). Therefore, children
under treatment for TB who default from treatment are at
risk for clinical deterioration and complication and can
continue to be infectious to other and at risk of
premature death (11).

Furthermore, mortality from tuberculosis is
highest in early childhood due to children non
adherence to TB treatment (4). Approximately one
million children develop active TB annually comprising
30%-40% of the total TB case load in high burden
countries, out of this 75% occur in high burden countries
of whom 450,000 die each year, even though there is
highly effective medication (12). According to 2012
WHO report estimate, half of million children ill with
tuberculosis in 2011 of which nearly 64000 children die
of TB, even though there is effective medication(9).

In Ethiopia, even though TB drug are given free
of fee TB continues to be major cause of TB related
child hood death (10). In developing countries including
our country large number of family have no balanced
diet for their child normal growth? In these types of
children when they are infected with mycobacterium
tuberculosis with underlying malnutrition, they develop
drug side effect such as drug intolerance and vomiting
in intensive phase of the treatment which result in child
non adherence to their treatment. In this type of
countries poor adherence is major concern of child
hood TB treatment and usually less than one third of
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participant to the treatment program complete full
course of poorly supervised treatment (13).

Treatment is challenging since no pediatric drug
formulations are currently commercially available and
with a long and burdensome disease, especially in the
case of MDR-TB when treatment can take up to two
years, adherence to treatment is difficult for patients and
their families. Children lack the emotional resources to
cope with the disease on their own and rely heavily on
practical and emotional support from their care giver.
(14)

[I. SIGNIFICANCE OF THE STUDY

The result of this study would identify the major
problems that account for children non adherence to
their medication and TB relapse. It also notifies the
development of MDR TB in children who are being
treated and who will be treated at Adama hospital. The
finding of this study also gives an insight to health
professional about major factors affecting the children
adherence to their anti TB drug treatment schedule. If it
is implemented, also it will improve children cure rate
and minimize death from MDR TB in children. Once the
factors are identified, then targeted strategies to
address them can be formulated. The finding may also
be used to formulate strategies to improve quality of
care for TB pediatric patient.

a) Objective
General objective

» To assess factors affecting children adherence to
anti TB drug in Adama referral hospital, East Shewa
Ethiopia

Specific objective

e To determine the magnitude of non adherence in
children attending anti-TB drug in Adama referral
hospital

e To determine reasons for MDR TB in children

e To determine factors affecting children adherence to
anti TB drugs in Adama referral hospital

e To assess factors contributing to children defaulting
TB treatment program

[1I. METHODOLOGY

a) Study Area

Adama is one of the towns of Oromia regional
state, East Shewa zone and located 99Km far from
Addis Ababa. There are different governmental and non-
governmental institutions in the town such as 8 health
Centers, one referral hospital, one general hospital, 50
private clinics, and 105 pharmacies. The study was
conducted in Adama hospital medical college on
pediatrics patients who had attended TB treatment
program from September 2002 EC-September 2006 EC.
Adama hospital was established & started its full



function in 1965. The hospital is now providing several
health services including TB treatment program for the
community.

b) Study Design

In this research a cross sectional study based
on retrospective data was conducted by reviewing
patient’s DOT registration book and patient medical
charts. The study period had been from April 1 to May
20, 2014.

c) Source Population

All pediatric patients’ s DOT registration book
and medical charts of who had attended TB treatment
program in the previous five year from 2002 E.C-2006
E.C

d) Study Population

All  sampled pediatric patients s DOT
registration book and medical charts of who had
attended TB treatment program at TB clinic for the past
five year from 2002 E.C-2006 E.C were included.

e) Inclusion and Exclusion Criteria

All medical charts of pediatrics patients below
sixteen years old were included and all adult TB patients
above fifteen years old were excluded from the study.

f)  Sample Size Determination

The proportion to be studied was (p) =10% of
the population, allowed deviation was “w’ 'which was 5
% and confidence interval was 95% therefore minimum
sample size required was obtained by the formula:
n=2°p (1-P)/W?
n= (1.96)°0.1x0.9/(0.05)?
n=138 sampled for the study
but because N was relatively small adjustment was
made for the above “n” required by the following
formula
n/(1+n/N)
=138/(1+138/1500)
=126 Patient were included

g) Sampling Technique
In this study simple random sampling was used.

h)  Study Variables
Independent Variables

a) Socio-demographic characters

Age

Sex

address

quality of service

parent educational status
parent socioeconomic status

Dependent Variables

Adherence/non adherence to the treatment
Defaulting the treatment
MDRTB development

i) Data Processing and Analysis

After data was collected, it was categorized and
analyzed using SPSS computer soft ware package. And
the result was summarized and presented in table and
written form.

J)  Data Quality Control

To ensure data quality, data collection
technique and format was pretested at study area in 5%
of sample population of the same source population.

k)  Ethical Consideration

Permission letter or ethical clearance was
obtained from college of medical and health science
department of pharmacy and was given to Adama
hospital administrative office and permission was
obtained from administrator. In addition the patients’
information was kept confidentially.

1) Operational Definition

Adherence = extent to which the patient take their
medication as prescribed by physician

Non adherence = not taking medication as prescribed
Defaulting = discontinuing taking medication
Tuberculosis = disease caused by mycobacterium
tuberculosis

IV. RESULT

In this study 126 pediatric TB patients’ medical
charts were sampled from 1500 medical charts of
pediatrics TB patient population using simple random
sampling. Among whom 35 patients were transferred to
other health institution for close follow up of DOT
therapy. Thus, 91 pediatrics medical charts were
analyzed.

Table 5.7 : demonstrate demographic characteristics and patient sources of sample population

Variable frequency Percent
Sex Male 42 46.1%
Female 49 53.8%
Age 0-5 16 17.6%
6-10 30 32.96%
11-15 45 49.5%
New to program YES 86 94.5%
NO 5 5.5%
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Among 91 patients 42(46.1%) were males and
49(53.8%) were females, the association between sex
and patients completion of the treatment was identified
by calculating “p” value for both variables and the
association was found to be insignificant 0.66 (>0.05).
16(17.6%) of patients were below 5 years of age,
30(32.96%) and 45(49.5%) of patients were between
age of 6-10 years and between age of 11-15 years,
respectively. The association between age of patients
and treatment completion behavior of the patients was
obtained to be statistically insignificant (p = 0.87 at 0.05
level of significance).

In this study 86(94.5%) of the patients were new
for treatment program while 5(5.5%) of patients had
attended the treatment program before they were
readmitted to the treatment program.

Out of all pediatrics TB patients analyzed
52(57.1%) of patients were treated for extra pulmonary
TB while the rest 39(42.82%) of patients were treated for
pulmonary TB. The association between type of TB and
treatment completion behavior was obtained to be
insignificant (p=0.769).

Table 5.2 : Demonstrates initiation missed dose, phase in which dose was missed ,duration for which dose was
missed, side effect, type of side effect ,other reason and defaulting behaviors of patient

Variable Frequency Percent
Initiation missed dose per week none 68 74.5%
One dose 1 1.1%
Two dose 10 10.99%
Three dose 9 9.9%
Four dose 3 3.3%
Side effect yes 26 28.6%
Unknown 65 71.42%
Type of side effect none 64 70.33%
Vomiting and 13 14.28%
headache
Nausea 1 1.1%
Hepatotoxicity 8 8.78%
Vomiting and nausea 5 5.49%
Other reason Feeling better 15 16.48%
Forget 4 4.39%
Missed 2 2.19%
Phase in which dose was missed Initiation 17 18.7%
Continuous 19 20.87%
Duration for which dose was missed None 64 70.33%
Two week-one 14 15.4%
month
Two month-four 13 14.3%
month
Default yes 22 24.17%
No 66 72.52%
unknown 3 3.3%

In initiation phase 17(18.7%) of the patients
were recorded to missed their dose up to two weeks of
initiation phase because of side effect or other reason
while 19(20.87)of the patients default the treatment in
continuous phase due to other reason like feeling better,
forgetfulness, being far away and due to missing. But
statistical p value (0.857) indicates that there was no
association between presence of side effect and
treatment completion behavior of patients. But other
reasons like feeling better, forget fullness and death
together with treatment completion behavior had
association (p=0.00).

The side effect of anti TB medication was
identified in 26 (28.6%) of patients and not identified in
65 (71.42%) of the rest patients. The most common
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identified drug related side effect were vomiting and
nausea in 18(19.78%) of patients, followed by
hepatotoxicity in 8(8.7%). The other reasons for which
most of the patients missed their dose were feeling
better in15 (16.48%) of the patients, forget in 4(4.39%) of
the patients and being far away in 2(2.19%) of the
patient. Most of these reasons were very common in
continuous phase of treatment program. The patient
who defaulted treatment program for two weeks —one
month were 14(15.4%) while 13(14.3%) of the patient
discontinued their medication for two months-four
months. There was statistically significant association
between defaulting and treatment completion with
(p=0.00).



Table 5.3 : demonstrate type of TB the patient was
treated for, patient co morbid condition, type of ART the
patient had been taking and MDRTB status of the

patient.
Variable Frequency Percent
Co  morbid HIV 20 21.97%
condition DM 5 5.49%
No other condition 66 72.52%
Type of TB Pulmonary 39(42.85) 42.85%
Extra pulmonary 52(57.1) 57.1%
ART None 71 78%
medication D4T+3TC+EFV 11 12.1%
TNF+3TC+EFV 9 9.9%
MDRTB Yes 7 7.69%
No 14 15.38%
Unknown 70 76.92%

The most common co morbid condition
reported in these patients were HIV in 20(21.97%) of
pediatric TB patients who analyzed for the study and DM
in 5(5.49%) of the patients. Among the patients who had
HIV as underlying disease to tuberculosis 11(55%) of
patients were treated with D4T+3TC+EFV and 9(45%)
of the patients were treated with TDF+3TC+EFV
regimen. Statistical p-value that indicates association
between co morbid condition and treatment completion
was 0.868 indicating insignificant association.

MDRTB was identified in 7(7.69%) of the
patients, while 14(15.38%) of the patients were cured
and 70(76.92%) of the patients were not reported
whether they had MDRTB or not. The statistical
association between adherence and MDRTB was found
to be insignificant (p=0.121).

Table 5.4 : demonstrates parent TB knowledge, parent relation with provider, economic status and patient health
status at the end of treatment program and completion status.

Variable Frequency Percent
Parent economy No any information 91 100%
Parent TB knowledge Good 58 63.73%
Poor 20 21.97%
Unknown 13 14.28%
Parent relation with provider Good 56 61.54%
Poor 22 24.17%
Unknown 13 14.28%
Patient health at end of the Cured 14 15.38%
treatment Not cured 6 6.6%
Missed 6 6.6%
Unknown 65 71.43%
Did the patient complete the Yes 59 64.83%
treatment course No 27 29.67%
Unknown 5 5.5%

The knowledge of parents of TB patients for
58(63.73%) were good while poor for 20(21.97%), and
those whose parent’'s TB knowledge status was
unknown were 13(14.28%) of the patient. The statistical
association between adherence and parents’ TB
knowledge was (p=0.000). Parents of 56(61.54%)
patients had good relationship with health care
providers of the program while parents of 22(24.17)
patients had poor relation with health care provider and
parents relation with provider for 13(14.28%) of
pediatrics patients was unknown. The statistical
association between patient adherence and parent
relation with service provider was significant (p=0.00).
At the end of treatment program 14(15.38%) of patients
were cured while 6(6.6%) of the patients were not cured
and 6(6.6%) of the patients died. However, patients
health at the end of the program were not known for
65(71.43%) of patients. The statistical association
between adherence and patient’s health status at the
end of treatment program was found to be significant

(p=0.00). Among all pediatrics TB patients 59(64.83%)
were successfully complete (adhere to) treatment
program while 27(29.67%) patient default ed treatment
program (non adhere) and for 5(5.5%) patient at end of
program whether they complete or not were not known.
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Table 5.5 : Relationship of patient address to treatment completion

Completeness P value
yes no unknown total
Address
Urban 43 17 5 65
Rural 16 10 0 26

Out of patients who attended treatment from
urban area 66% completed their treatments while 26% of
patients from urban area did not. But 61% of patients
from rural area completed the treatment while 38.4% of
patient did not complete the treatment. The statistical
association between adherence and address was
obtained to be insignificant (p= 0.220).

V. DISCUSSION

In this study 46.1% of patients were found to be
males while 53.8% of the patients were females, this
result is similar with study conducted in Kenya in which
44.9% of the patients were males and 55.1% of the
patient was females (15). In this study there was no
significant association between sex, age and patient’s
adherence to their medication. This result is also
consistent with finding of the study conducted in Kenya
(15). In addition, it is similar with result reported by study
conducted in Nigeria (18). Both studies concluded that
there was no significant association between age, sex
and patient adherence to medication. This could be due
to the fact that in pediatric patients adherence is highly
dependent on care giver of the patients (15). The result
of this study showed that extra pulmonary TB was found
to be more common in patients when compared with
pulmonary TB, 57.1% and 42.82%, respectively. This
result was not reported in study conducted in different
countries. This indicates that diagnosis of TB in children
is made at advanced stage of TB in pediatrics patient in
Adama referral hospital. Furthermore, there was no
statistically significant association (p = 0.76) between
type of TB and patient adherence to their medication.
This means that there is no difference in adherence to
medication between the types of TB.

The patients who completed the treatment
course at the end of the program were 64.83% while
29.67% of the patients defaulted the treatment, because
caregiver may thought that their children were cured or
due miss. This result is in line with a study conducted in
Uganda which reported similar non adherence (25% of
the study population) (17). Among these patients those
whose sputum result recorded for three consecutive
months showed that they were cured, were 15.38%
while 6.6% of patients failed to be cured. 6.6% of
patients died while they were on treatment. And those
for which their health status was not known at end of
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treatment program were 64.83%. This result is not
consistent with study conducted in Nigeria where higher
cure rate and lower failure rate were reported (17). But it
is consistent with result reported in retrospective study
conducted in Ethiopian rural hospital in 2010 in which
almost similar defaulter rate (16.8%) was reported, but
the patients who died were lower than that obtained in
this study (12).

Adherence in this study (64.83%) is slightly
lower than that reported in study conducted on children
registered for TB treatment at 23 health centers (85%) in
Addis Ababa, but lower death rate (3.3%) of patients
was reported (4). But it is in contrast with study
conducted in Egypt in which lower adherence (16%) and
higher non adherence (51%) of studied patients were
reported (16).

As this study indicates vomiting and headache
in 19.68% of the patients and hepatotoxicity in 8.78% of
patients were found to be the most common drug
related side effects which appear on patients in initiation
phase. This result is in contrast with the result reported
in study conducted in Nigeria in which hepatotoxicity
(72.1%) and nausea and vomiting (25%) of the side
effects reported in the patients (18). But according to the
finding of this study, there was no significant association
between treatment completion and presence of side
effect. This means presence or absence does not bring
difference in the extent treatment completion (18).

The finding of this study shows 24.17% of the
patients defaulted the treatment program in continuous
phase due to feeling better in (16.48%), forget in(4.39%)
and missed(died) in 2.19% of patients. Similar result
was reported by the study conducted in Uganda (17).
As the above finding shows other reasons like feeling
better, forgetfulness and miss had significant
association with adherence of the patients, this is also in
contrast with what has been obtained in study
conducted in Kenya which showed that there was no
significant  relationship between side effect and
adherence to anti TB medication (15).

The finding of this study also showed that the
most common co morbid conditions were HIV in 21.97%
and DM in 5.49% of studied patients. There was no
significant association between co morbid condition and
adherence. However, the patient who had been taking
ART had good adherence to medication than non HIV
co morbid patients, because their family might think that



their children would die if they discontinue taking anti TB
drug as they were told by service providers. This result
was similarly reported in study conducted in Uganda
(17).

MDRTB was found in 7.69% of patients.
According to the finding of this study there was no
association between MDRTB development and
adherence to medication as it was shown by p value
(p=0.121 Cl=95%). It might be due to poor adherence
of patients to their medication or patients were caught
by MDRTB from other patients. As the finding of this
study shows there was no significant association
between parent monthly income and patient adherence
to anti TB medication. This result is in line with finding
reported in study conducted in Kenya which states that
family average monthly income had no statistically
significant association with patient adherence to their
medication (15). This was because TB treatment was
given free and readily available to all patients.

As one can observe from the finding of this
study the patients whose caregiver had TB knowledge
(like nature of the disease, the effect of discontinue the
treatment and the effect of irregular medication taking
behavior) had good adherence to their medication when
compared to patient whose care giver had poor TB
knowledge, and there was statistically significant
association between parent TB knowledge and
adherence to medication .This result is in contrast with
finding reported in Kenya which state that caregiver
knowledge of TB had no significant association with
adherence to medication (15). But it is consistent with
study conducted in Uganda (17).

It was found that pediatric patients whose care
giver had good relation with service provider had good
adherence when compared with patient whose parent
had poor relation with service provider. In addition, the
quality of services has been shown to have significant
association with adherence to the medication. This
might be due to the parents were getting advice
properly from health service providers. This finding is,
however, in contrast with what reported in study
conducted in Kenya which states that there was no
statistically significant association between pattern of
health care and patient adherence to medication (15).

In this study, even though higher defaulter were
obtained in patients attended treatment from rural area
when compared with those attended treatment from
urban area, there was no significant association
between address and adherence of patients to their
medication (p=0.220, Cl, 95%). This finding is in line
with study conducted in Uganda (17). It is also
consistent with finding reported in Kenya (15)

VI. CONCLUSION AND RECOMMENDATION

a) Conclusion
This study shows that adherence of pediatric
patients to their medication is not only affected by

patient taking medication as prescribed but also
parents’ knowledge of TB, parents’ relationship
with health providers, presence or absence of other
reasons like feeling better, forgetfulness and residence
area . As the finding of this study shows presence of
underlying disease like HIV have no effect on adherence
of patient to anti TB drug. The parent monthly income
also have no effect on adherence of the patient to anti
TB medication .The result of this study indicate that
MDRTB and TB relapse were most common in patients
with poor adherence to their medication.

b) Recommendation

e Health professionals should give special
consideration for parents of children who come from
rural area and parents should be informed and
made aware about TB because pediatrics
adherence to their medication is highly dependent
on parent’s TB knowledge.

e Unlike adult patients children do not know the effect
of discontinuing their medication; therefore
treatment adherence of pediatrics patient should be
monitored only by health professionals even during
continuous phase of the treatment.

e Health status of pediatrics patient should be
checked at least every two months.

e Side effect and other reasons which account for
missing the dose should be monitored early so that
children will adhere more to their medication.

e Adama hospital TB clinic should be staffed by
qualified health personnel so that pediatrics patients
will get high quality of service.

e Health professionals should focus on how to create
awareness about factor affecting adherence in the
community.

e Parents should be educated about the causes and
the effects of TB, and possible adverse reactions of
the medication, and the importance of children
completing their medication according to the
treatment plan.

Abbreviation and Acronyms

DOT = directly observed therapy

EDR TB = extended drug resistant tuberculosis
ETH = Ethambutol

HIV = human immune deficiency virus

INH = Isoniazid

MDR TB = multi drug resistant tuberculosis
PZA = pyrazinamide

RMP = rifampcin

SRP = streptomycin

TB = Tuberculosis

WHO = world health organization

D4T = stavudine

3TC = lamivudine

EFV = efaverenz

TDF = tenofovir
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Formulation & Evaluation of Eye Care Solution
of Vasoconstrictor and Antihistaminic Drug for
Conjuctivitis

Mehul B. Vyas ° Dhaval Patel ° & Dr. Samir K. Shah °

Absiract- The purpose of present research work was to
formulate and evaluate eye care solution of Naphazoline
hydrochloride (Vasoconstrictor) and Pheniramine maleate
(Antihistaminic) drug for allergic conjunctivitis. The optimum
values of responses for viscous eye care solution formulation
was found to be 97.6 cps viscosity, 1759 cps mucoadhesion
index and 96.67 % CDR for naphazoline hydrochloride and
93.34% CDR for pheniramine maleate. These could be
obtained at lower levels of NaCMC and higher level of
HPMCE4M (0.25/0.6%w/w respectively).These viscous eye
care solution showed acceptable physicochemical properties.
The optimized formulation was found to be stable in one
month study and providing prolonged release of the drug over
an 8 hr period. Irritation study on rabbit eye revealed that it
was non-irritant. All the rabbits’ eyes were normal by the end of
5 hour without any redness. There were no other adverse
affects on the eyes throughout 8 hours study. This proves that
optimized formulations of viscous eye care solution were very
effective against common allergic conditions. We have
successfully developed viscous eye solution for allergic
conjunctivitis which contains 0.25 % NaCMC and 0.60 %
HPMCE4M .1t was well tolerated and could be used to prolong
the therapeutic effectiveness of drug. The developed system is

thus a viable alternative to conventional ophthalmic
formulations.
Keywords: naphazoline  hydrochloride,  Pheniramine

maleate, HPMC E4M, conjunctivitis.
I. INTRODUCTION

ustained and controlled delivery of drugs to the

ocular tissues continue to remain a major

objective for formulation scientists and engineers
in light of the emergence of more potent drugs and
biological response modifications with limited biological
half-lives. In ophthalmic drug delivery, in the front of the
eye, the major hurdles of optimum drug bioavailability
include rapid turnover, lacrimal drainage, reflex blinking
and drug dilution by tears. Another physiological
constraint is the limited permeability of cornea resulting
into low absorption of ophthalmic drugs. A major portion
of the administered dose drains into the nasolacrimal
duct and thus can cause unwanted systemic side
effects. Additionally, the rapid elimination of the drug
through the punctum results in a short duration of the
therapeutic effect resulting in a frequent dosing regimen.

Author a o p: Assistant Professor, Sardar Patel College of Pharmacy,
Department of Pharmaceutics, Vidyanagar Vadtal Road, Bakrol, Anand.
e-mail: mehulvyas 85@yahoo.co.in

A significant challenge for the formulation is to
circumvent these protective barriers of the eye without
causing permanent damage to the tissue. Due to these
physiological and anatomical barriers, only a very small
fraction of the drug, usually 1-5% or even less of the
instiled dose, is effectively absorbed. Frequent
instillations of eye care solution are necessary to
maintain a therapeutic drug level in the tear film or at the
site of action. The frequent use of ophthalmic solutions
may induce toxic side effects and cellular damage at the
ocular surface. Moreover, once-a-day or twice-a-day
formulations would like to improve patient compliance.

a) Materials

Naphazoline hydrochloride, Pheniramine
maleate, HPMC E4M, NaCMC, Benzalkonium chloride,
Sodium chloride, NaoH.

II. METHODS

To prepare viscous eye care solution, different
concentrations of HPMC E4M and NaCMC as per 3?
factorial design were used. In order to obtain clear
viscous solutions, accurately weighed HPMC E4M and
NaCMC were dispersed and thoroughly hydrated in
about 30 ml of the required amount of WFI. The
dispersion was vigorously stirred and heated to 80—
90°C, until the solution became clear. Then add weighed
quantity of Sodium Chloride, Disodium Edetate,
Disodium Hydrogen Phosphate, Sodium Hydroxide and
at last add weighed quantity of drugs and Benzalkonium
Chloride in about 40-50% of the required amount of WFI.
Add this mixture to the dispersion of polymers while
stirring. Adequate WFI was then added to obtain the
required volume. The viscous solutions prepared with
the excipients were sterilized at 121°C in autoclave for
20 min. Afterward, aqueous solutions were sterilized by
filtration through 0.22 pm sterile filter. The same
formulation was prepared into simulated tear fluid in
place of WFI.

[11. EXPERIMENTAL DESIGN

Experimental designs are frequently used to
establish an empirical relationship in terms of a
mathematical model between dependent variables, and
a number of factors or independent variables. To study
all the possible combinations of all factors at all levels, a
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two factor, three level full factorial design was
constructed and conducted in a fully randomized order.
The experimental design consists of total 9 experiments.
The concentration of HPMC E4M (X;) and concentration
of NaCMC (X,) was selected as formulation
(independent) variables. The factor levels were chosen
from the knowledge obtained from the preliminary
studies. All other formulation and process variables were
kept invariant throughout the study. Table 2 Summarizes

the 9 experimental runs studied and their factor
combinations and translation of the coded levels to the
experimental units employed during the study. The
viscosity (Y;), Mucoadhesion index (Y,), cumulative
percentage drug released after 8 hrs. (Y;) were studied
as response variables (dependent variables).Design-
Expert software (V.8.0.7.1, Stat-Ease Inc.) was used for
the generation of the mathematical models.

Table 1 : Variables and their levels in 3% factorial designs

Independent Variables Levels
Low Medium High
X, = Concentration of HPMC E4M (% W/V) 0.5 0.55 0.6
X, = Concentration of NaCMC (% W/V) 0.25 0.4 0.5
Transformed values -1 0 1

Y, = Viscosity(cps)

Dependent variables

Y, = Mucoadhesive Index

Y,= Drug Release in 8 hr(%CDR)

Table 2 : Factor combination as per chosen experimental design and translation

Trial No. Coded Factor
X X
Conc.of HPMC E4M Conc. Of NaCMC
(%W/V) (%wW/V)

F1 1 1
F2 1 0
F3 1 -1
F4 0 1
F5 0 0
Fé 0 -
F7 -1 1
F8 -1 0
F9 -1 -1

a) Evaluation Parameters

i. Clarity
Clarity test was done by visual inspection of
each container and by measuring the refractive index
using refractometer at 25°c.
ii. PH
PH of prepared viscous eye care solution was
measured with pH meter.
iii. Viscosity
Viscosity of batches F1-F9 by Brookfield
viscometer at different RPM. By plotting graph of RPM
vs. viscosity, flow pattern was checked.

iv. Osmolarity
The osmolarity of optimized sterilized viscous
eye care solution was determined with a vapor pressure
osmometer at room temperature.

© 2015 Global Journals Inc. (US)

v. Mucoadhesion Tes

Mucin dispersion method was used to measure
mucoadhesion index. Mucin Dispersion (MUC): MUC
(15%w/v) was prepared by dispersing required amount
of Mucin powder -into phosphate buffer (pH 7.4 ) and
kept on magnetic stirrer at 600 rpm for 24 hrs for
complete hydration and measured it viscosity (nm). To
study the mucoadhesive interaction, 5 ml of polymer
dispersion (mp) and 15 ml of MUC was mixed and
determined its viscosity (nt) at 37°+1°C at shear rates D
of 12,5, 25, 50, and 100 s . An interaction between
polymer and mucin should be seen as a synergistic
effect in the rheological properties, which means that the
rheological response of the Polymer/MUC mixture
should be larger than the sum of the rheological
responses of the single components polymer and
mucin. Therefore, it is essential to rheologically
characterise the single components as well as the
polymer/MUC mixture.



vi.  Sterilization Study

Membrane filter of 0.2-um porosity was used for
sterilization by filtration in pm aseptic area. The suitability
of both methods of sterilization in the present study was
tested by determining drug content of representative
eye solution formulation of (aqueous based) before and
after subjecting to sterilization by the respective method.
Agueous base solutions were prepared with 1 % drug
and other excipients filled in vials and sealed. These
vials were autoclaved for 20 minutes. In some other
vials, solutions were filled by filtration through 0.2um
Millex, Millipore filter.

vii.  Sterility testing

The sterility testing of the viscous eye care
solution was performed for the aerobic, anaerobic
bacteria and fungi by using alternative thioglycolate
medium (ATGM) and soyabean casein digest medium
(SBCD). The positive control (growth promotion),
negative control (sterlity) test was also conducted.
Bacillus subtilis was used as a test organism in the case
of aerobic bacteria test. Bacterio desvulgatus was used
as a test organism in case of anaerobic bacteria test
and candida albicans in fungi test. Incubation was
carried in all cases and growth was checked. All the
samples were inoculated separately in to ATGM and
SBCD media and incubated at 35°C and 20-25°C,
respectively for 7 days. Similarly unsterilized samples of
films were also inoculated separately in to ATGM and
SBCD media and incubated at 35°C and 20-25°C,
respectively for 7 days. A control evaluation was also
carried out.

Antimicrobial Test

The test was performed according to USP.
Cultures of bacteria [Escherichia coli (ATCC 4352),
Pseudomonas aeruginosa (ATCC 9027),
Staphylococcus aureus (ATCC 6538)] and fungi
[Aspergillus niger (ATCC 16404) and Candida albicans
(ATCC 10231)] were grown on solid agar media and
soyabean casein digest media respectively. The test
microorganism cultures were diluted with sterile WFI to
obtain 10® CFU/ml as per USP. All the cultures were
transferred into 5 test tubes containing 10ml prepared
eye drops(solution) and 0.1% prepared cultures in each.
Initial counts were noted. These solutions were poured
into petri plate containing Soya bean Casein Digest Agar
Medium for bacterial cultures and Sabouraud Glucose
Agar Medium for fungi. Keep them into incubator at
32.5+25°C and 22.5+25°C for bacteria and fungi
respectively. Record the numbers of colony of
microorganism at 7", 14™ and 28" day. Check the
criteria for preservative effectiveness for their acceptable
range.

ix. Invitro Diffusion study
The Franz diffusion cell was used for studying
the in vitro release of the viscous eye care
solution(drops). A cellulose acetate membrane (Dialysis

Vii.

membrane with 25 mm diameter) was adapted to the
terminal portion of the cylindrical donor compartment.
2.5 mL viscous eye drops containing drug, sufficient for
establishing sink conditions for the assay was placed
into the donor compartment. The receptor compartment
contained 15 mL of Phosphate buffer solution of pH 7.4
maintained at 37°C under mild agitation using a
magnetic stirrer. At specific time intervals, aliquots of
3mL will be withdrawn and immediately restored with the
same volume of fresh phosphate buffer. The amount of
drug released was assessed by measuring the
absorbance at 261.6 nm and 272.4nm for Naphazoline
and Pheniramine respectively using uv
spectrophotometers. In order to analyze the drug
release mechanism, in vitro release data was fitted into
a zero-order, first order, Higuchi, And Korsmeyer-
peppas model.

X. Animal study
— Test for irritation
— Antiallergy activity of the prepared formulations of
Naphazoline Hydrochloride and Pheniramine
Maleate

xi. Stability

To assess the drug and formulation stability,
stability studies was done according to ICH guidelines.
Optimized formulation was kept in the stability chamber
at specified temperature and humidity (40°+10°C and
75%RH) for one month. The chemical stability of the
formulation was assessed by the estimation of the
percentage drug remaining in the formulation and
physical stability was evaluated by monitoring any
change in pH, viscosity and appearance.
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V. RESULT AND DISCUSSION

Development of first order derivative spectroscopy method for simultaneous determination of NH and PM:-
Selection of wavelength for simultaneous estimation of NH and PM :-
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FORMULATION & EVALUATION OF EYE CARE SOLUTION OF VASOCONSTRICTOR AND ANTIHISTAMINIC DRUG FOR

CONJUCTIVITIS

Naphazoline HCI calibration in Simulated Tear Fluid
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Pheniramine Maleate Calibration in Simulated Tear
Fluid pH 7.4
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Figure 5 : FTIR spectra of physical mixture-Il (Naphazoline Hydrochloride + Pheniramine Maleate +
HPMC E4M + NaCMC)
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Figure 7 : DSC thermogram of physical mixture-Ill (Naphazoline Hydrochloride + Pheniramine Maleate + HPMC
E4M + NaCMC)
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Viscosity of NaCMC
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Table 3 : Composition of NaphazolineHCI / PheniramineMaletae viscous eye care solution

Name of components Amount (%w/N)
Naphazoline Hydrochloride(NH) 0.0265
Pheniramine Maleate(PM) 0.315
NaCMC 0.25-0.5
HPMCE4M 0.5-0.6
Sodium Chloride 0.68
Benzalkonium chloride 0.01
Disodium Edetate 0.1

NaOH To adjust pH
WFI/STF/Phosphate Buffer pH 7.4 Up to 100ml

Table 4 : Viscous eye drops physical characterization (X = S.D.)

Batch Clarity pH (n= 3) Refractive Index
F1 Slightly translucent 7.40=0.02 1.469+0.001
F2 Clear 7.40=0.01 1.431=0.001
F3 Clear 7.41+0.01 1.356+0.001
F4 Slightly translucent 7.40=0.01 1.465+0.002
F5 Clear 7.40+0.03 1.358+0.002
F6 Clear 7.40=0.01 1.341+0.001
F7 Slightly translucent 7.41+0.01 1.471+0.001
F8 Clear 7.41+0.02 1.341=0.002
F9 Clear 7.40+0.01 1.334+0.001

a) pH

The pH values for all formulations were shown
in Table 4. The pH was within acceptable range (6.8 to
7.4) and would not cause any iritation upon
administration of the formulation.

b) Refractive index

Refractive index of tear fluid is 1.340 to 1.360.
(Hussein et al.2009) It is recommended that eye care
solution should have refractive index values not higher
than 1.476. Table 4 depicts that Naphazoline
hydrochloride and Pheniramine maleate viscous eye
care solution had refractive index values ranging from
1.443 to 1.334 which are within the recommended
values. Data reflected that no visual problem may cause
in patient after administration of formulation.

c) Viscosity

The longer contact time and effectiveness of the
formulation in the eye is probably dependent not only on
its mucoadhesive properties, but also on its viscosity
and bulk rheological properties. Viscosity data of all the
batches are shown in figures. Viscosity study in
phosphate buffer 7.4 pH and in simulated tear fluid was
carried out. From the rheograms shown in Fig. 14 & 15

and respectively was found that viscosity in both the
medium remain same. From the data, it was found that
batches F1, F4 and F7 shows very high viscosity due to
highest concentration of NaCMC; was not selected as
they were too viscous to instill properly into the eye.
While, batches F6, F8 and F9 shows low viscosity due to
lowest concentrations 0.5% HPMC, was not selected as
aim of this study was to increase the viscosity of the
formulations developed for residence time in ocular
globe. Batches F3, F5 and F7 showed satisfactory
viscosity. Each batch showed non-newtonian (dilatant)
flow behaviour without any hysteresis. Non-newtonian
solutions offer less resistance to movement of the
eyelids over the globe and, therefore, are expected to
be more comfortable in the eye than Newtonian
solutions. By using the viscolysers like HPMC and
NaCMC, viscosity of the prepared eye care solution was
increased which gives longer contact time to the ocular
globe. Therefore frequency of the instillation is
decreased, which improves patient compliance. This
increasing shear rate mimic ocular shear rates
associated with normal blinking which is extremely wide,
ranging from 0.03-28500S™.
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Viscosity in Phosphate Buffer pH 7.4
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Release Profile of Naphazoline Hydrochloride
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Figure 20

Contour plot (a) and response surface (b) plot showing the relationship between various level of polymer ( HPMC E4M
& NaCMC) on viscosity

d) Sterilization and Sterility testing absence of turbidity in media after 21 days of incubation
Results of sterility test of optimized batches in  period. This indicates absence of any contamination.
both the media are shown in Table 5. It indicated

Table 5 : Sterility testing of optimized batch

Batch Media Result
ATGM SBCD

F* Clear Clear Complies

ATGM-Alternative Thio glycolate media;, SBCD — Soya bean casein digest media

e) Antimicrobial efficacy testing (AET) shown in Table 7 and as per USP there should be 1 log
AET was done to evaluate the efficiency of reduction after 7 days, 3 log reductions after 14 days
preservative. Data shown in Table 6 depicted that fungi  and no growth in population as compare to 14" day
Candida albicans and Aspergillus niger show inhibition  after 28 days. In case of fungi, as per USP, there should
in growth after 7", 14™ and 28" day from initial count. ~ be no growth/inhibition for AET. Optimized batch was
The microbial count for bacteria (Escherichia coli, obeyed the similar pattern of reduction in population as
Pseudomonas aeruginosa, Staphylococcus aureus) is  per standard limit and complies with the results.

Table 6 : Microbial count of fungi at specified time interval for AET

Culture Batch Initial 7" day 14" day 28" day

. . 6 5 4 3
Candida albicans F* 15x 10 85x 10 46%x 10 33x 10
. . % 6 5 4 3
Aspergillus Nniger F 9x10 34x 10 52 x 10 12x10
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Table 7 : Microbial count of bacteria at specified time interval for AET

Culture Batch Initial 7" day 14" day 28" day
Escherichia Coli F* 255 10 18% 10 300 253
Pseudomonas . 5 4
aeruginosa F 19x10 11 x10 287 218
Staphylococcus aureus F* 20 % 105 13 % 104 240 198

) Osmolarity

The Osmolarity of the ophthalmic preparation

be in the range and shows 325 mOsmol/kg which was

within the acceptable tonicity range of the eye to avoid

should be in the range of 310-350 mOsmol/kg to avoid
irritation. Osmolarity of optimized batches was found to

g) Animal Study

ocular irritation.

Table 8 : Ocular Irritation test for Optimized Batch and Marketed Formulation

FORMULATION RABBIT A RABBIT B
TIME (HR.) 1 2 3 4 5 6 1 3 4 5 6
F* N N N N N N - - - - -
CONTROL N N N N N N - - -
OPCON A - - - - - - N N N N N
CONTROL - - - - - - N N N N N
S- Severe itching / irritation, M-Mild itching / irritation, N- No itching / irritation Stability
120 + . . .
Comparison of Viscosity
100 -
2
s} 80 -
E 60 -
2 m 15 th day
3 40 -
S m 30 th day
20 -
O .
10 40 50 60 75 100 120 200
RPM
Figure 21
Table 9 : Change in pH, Assay of NH, PM and Assay of BKC data over time (Stability Study)
Davs H* Assay of NH Assay of PM Assay of BKC
Y P (% Wh)* (% Wh)* (% WA)*
15 7.4 = 0.02 99.60+0.54 99.34+0.34 99.79+0.64
30 7.41 = 0.01 99.41+0.83 98.76+0.43 99.58+0.90
*Value Expressed as Mean = SD (n=3)
V. CONCLUSION ophthalmic  drug delivery.If  the

Thus, on the basis of all the studies we can

conclude that the

batch

having

naphazoline

hydrochloride and pheniramine maleate along with 0.59
% of HPMC E4M in the combination with 0.26 % NaCMC
viscous solution may be considered as a promising for

allergic conjuctivitis.
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aforementioned
formulation will scaled-up to manufacturing level, it will
be used for potential sustained release effect for the
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Problems of using Hydrochlorothiazide Diuretic
in Adult Diabetic Patient in Diabetic Clinic of
Adama Hospital Medical College, East Shoa

Zone, Oromia Regional State, Ethiopia

Omer Aliyi *, Mohammed Hussien ° & Belayneh Kefale °

Abstract- Back ground: Diabetes mellitus (DM) is a group of
common metabolic disorders that share the phenotype of
hyperglycemia. Half century ago hydrochlorothiazide has been
associated with a diagnosis of diabetes in hypertension
treatment containing hydrochlorothiazide during long term
therapy. This explained by association between glucose,
potassium, and hydrochlorothiazide induced hyperglycemias
and plasma insulin level. The objective of this study was to
assess the problem associated with use of
hydrochlorothiazide among adult diabetic patient in diabetic
clinic of AHMC.

Methodology: A cross sectional study was carried out by
reviewing patient information sheet and physician diagnosis
card with a period from March, 25-May, 28, 2014. Data was
collected from patient information sheet and physician
diagnosis card by using check list and collected data was
analyzing by using SPSS-20.

Resuilt: In this study population the total of 1,200 patient cards
with hypertension and type-2 diabetes were observed, from
which only 60 patient have a problem associated with
hydrochlorothiazide diuretic. Among these patient 55 % were
female and 38.3 % were in the age group of 40-50 years and
mean age was 51 years. Most of patient, 82% patient had
increased FBS after HCT administration and around 90% of
patient had decreased FBS after HCT discontinuation. Among
the total number of the cases only in 5% showed high
response 1o insulin and 37% low response to insulin. Most of
the patient around 70% develop problem associated with HCT
within start to six month.

Conclusion: In general in this study indicated that elevated
fasting serum glucose level was the main problem associated
with the use of HCT in adult diabetic patient.
Keywords:  hyperglycemia, high and
response, hypokalemia.

low insulin

[. INTRODUCTION

a) Background Information
iabetes mellitus (DM) refers to a group of
Doommon metabolic disorders that share the
phenotype of hyperglycemia. Several distinct
types of DM are caused by a complex interaction of
genetics and environmental factors. Depending on the
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etiology of the DM, factors contributing to hyperglycemia
include reduced insulin secretion, decreased glucose
utilization, and increased glucose production.

DM is classified on the basis of the pathogenic
process that leads to hyperglycemias, as opposed to
earlier criteria such as age of onset or type of therapy.
The two broad categories of DM are designated type 1
and type 2. Both types of diabetes are preceded by a
phase of abnormal glucose homeostasis as the
pathogenic processes progress. Type 2 DM is preceded
by a period of abnormal glucose homeostasis classified
as impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT) represent pre diabetic stage. In Ethiopia
type 2 DM was more predominating than type 1 DM (1).

The worldwide prevalence of DM has risen
dramatically over the past two decades, from an
estimated 30 million cases in 1985 to 285 million in
2010. Based on current trend the International Diabetes
Federation projects that 438 million individuals will have
diabetes by the year 2030. Accordingly there are about
12 million DM patient found in Africa and around 1.5
million found in Ethiopia in particular. Although the
prevalence of both type 1 and type 2 DM increasing
worldwide, the prevalence of type 2 DM is rising much
more rapidly, presumably is because of increasing
obesity, reduced activity levels as countries become
more industrialized, and the aging of the population (1).

Thiazide diuretics have been available for the
treatment of hypertension since the late 1950s, and
reports of thiazide-associated hyperglycemia began
appearing shortly thereafter. However, benzothiadiazine
derivatives  (hydrochlorothiazide most commonly)
continue to be recommended as first-line therapy for
hypertension without regard to metabolic status that
resulted in diabetic’s exacerbation. (2). Although there
is not uniform agreement on the long-term significance
of diuretic-induced diabetic, the controversy seems
more about the relative benefits from improved BP
control offset by the consequences of worsening
metabolic status related to the thiazide diuretic. These
patients are those likely to receive hydrochlorothiazide
diuretics for decades, and the implications of diuretic-
induced diabetes may not be fully understood in those
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patient taking hydrochlorothiazide for relatively short-
term period of time.(3)

Metabolic effects of hydrochlorothiazide that
can have a negative impact on diabetic risk profile
include alterations in lipids, hypokalemia, impairment of
glucose metabolism, and, therefore, the occurrence of
type 2 diabetes by increasing hepatic insulin resistance.
Early evidence emerged in the 1960s demonstrating
aggravation of pre-existent type 2 diabetes mellitus in
patients treated with hydrochlorothiazide diuretics. Since
then, the adverse metabolic effects of
hydrochlorothiazide diuretics have been demonstrated
in a number of researches. There is also positive relation
between thiazide-induced hypokalemia and the
incidence of type 2 diabetes, most probably via the
inhibitory effect of low potassium on insulin secretion.
(4,9)

Although hydrochlorothiazide and thiazide-like
diuretics are indispensable drugs in the treatment of
hypertension, their role as first-line or even second-line
drugs is a provoking debate that Doctors are faced with
a difficult dilemma whenever they prescribe a HCT in
diabetics, because of emergence of elevated FBS (4).
This also compromises the efforts of the health care
system, policy makers and health care professionals in
improving the health of the populations. In Ethiopia,
particularly in the study area, little is known about the
problem of HCT therapy in DM patients and associated
factors. Therefore, the aim of this study will be to assess
the problem and associated factors to
hydrochlorothiazide therapy in adult diabetic patient
visiting Adama Hospital Medical College.

b) Statement of the problem

After introduction of hydrochlorothiazide in all
over Ethiopia this diuretics associated with several
potentially deleterious metabolic adverse effect and
other complication attributed to problem of HCT therapy
in diabetes. Among the major problem of HCT use in
diabetics the frequently encountered one are diuretic
induced hyperglycemia, hypokalemia and increased
insulin resistance were the dominant ones. (6) Diuretics
induced hyperglycemia can increase the risk of diabetic
exacerbation which associated with a higher risk of all-
cause mortality rate, for example, the incidence of
coronary artery disease was 64% higher in the subjects
who developed elevated FBS was the problem of HCT
use in DM patient (3). The risk of thiazide-induced
diabetes is also dose dependent such that at 25-mg
hydrochlorothiazide (HCT) there is substantial risk of
impairing the glucose response. Since a high-dose HCT
diuretic has a negative effect on glucose metabolism, it
may be related to hypokalemia that can be corrected by
potassium supplementation or combination of thiazide
with ACE inhibitor or potassium-sparing agents might
prevent thiazide-induced diabetes (7).

© 2015 Global Journals Inc. (US)

The other common problem of HCT Diuretics in
diabetic adult patient may be hypokalemia that cause
several other adverse reactions, potentially leading to
discontinuation. Potassium is thought to play a key role
in glucose homeostasis. Potassium is involved in the
release of insulin as well as insulin-mediated glucose
uptake into skeletal muscle. Both serum potassium
depletion and glucose level elevation are common in
patients treated with thiazide-type diuretics. Each 0.5
meg/L decrease in serum potassium during the 1st year
of treatment was associated with a 45% higher adjusted
diabetes risks that from decreased insulin secretion.
Widespread use of low-dose thiazide can prevent this
hypokalemia effect, but no information is available
regarding the effects of low dose HCT diuretics on
insulin action. Furthermore, hypokalemia can impair
glucose metabolism by reducing insulin secretion and
insulin sensitivity (6).

The other problem associated with HCT use in
adult DM patient is increased resistance to insulin. The
mechanism traditionally associated with this increased
risk of diuretic-associated diabetes mellitus was a
reduction in serum potassium. Any medication that
worsens insulin sensitivity, i.e., HCT diuretics will hasten
the development of diabetes mellitus in those with
impaired fasting glucose. However exact relationship
between hypokalemia and worsening of insulin
resistance is unclear but appears most pronounced in
those with preexisting impaired glucose tolerance. There
is evidence that prevention of hypokalemia with K*
supplementation or potassium-sparing agents lessens
the degree to which plasma glucose increased (8).

c) Significance of the study

The results of this study contribute to increase
the awareness of health care providers particularly
physicians on the issue of prescribing HCT diuretic in
adult diabetes patient and may aid them to develop
strategies for improvement HCT diuretic induced
hyperglycemia.

With increasing access to problem of HCT
diuretic in adult diabetic patient in our country, there is
an opportunity to better understand the benefit and
limitation of HCT in DM clinic of AHMC. Data on the
problem of HCT diuretic in adult diabetic patient in our
country are scarce, so data can potentially provide good
strategic approach in deciding problem of using HCT
diuretic in adult diabetic patient in our country. It also
provides important  assistance to  concerned
organization especially for health institution.

This study also helps the different organization
like government organization and non government
organization [NGO] to use the result of the study in
decision making related HCT in diabetic. The main aim
of this study is to add to the existing body of knowledge
about the problem associated with use of HCT in adult
DM patient and lifestyle modifications necessary to



maintain diabetes control, and to propose strategies
that will assist policy makers and clinicians with diabetes
management decisions

d) Objective of the Study

i. General objective
The general objective of this study was to
assess the problem associated with use of
hydrochlorothiazide among adult diabetic patient in
diabetic clinic of AHMC
ii. Specific Objective
» To determine the number of patient who have
developed a problem with using HCT in diabetes
clinic of AHMC
» To describe the main problem associated with HCT
in DM patient
» To identify type of the problem that resulted in
dilemma of using HCT in DM patient

[I. METHODOLOGY AND MATERIALS

a) Study area

Adama town is the capital city of Oromia
regional state, Ethiopia and located 99Km from Addis
Ababa. There are different governmental and non-
governmental institution in town such as 8 health Center,
one referral hospital, one general hospital, 86 private
clinics, and 75 pharmacies.

The study was conducted in Adama hospital
medical college on adult patients who have diabetics’
and hypertension cases whose patient’'s card contain
hydrochlorothiazide. AHMC has 200 beds for inpatient
with five disciplines (Surgery, Internal medicine,
pediatrics, Gynecology/Obstetrics and ophthalmology)
with four pharmacies (OPD, ward, emergency and ART
pharmacy). The hospital has about 465 workers of which
257 were health professionals. Adama hospital ranks
second by patient intake next to Black lion hospital in
Ethiopia.

b) Study Design and Period

A cross sectional study on retrospective data
was conducted by reviewing patient information sheet
and physician diagnosis card from March,25-May, 28,
2014,

i. Population
v' Source population
The source populations for the study were all
diabetic patients with hypertension that taking HCT
during the follow up in DM clinic in of AHMC during
previous one year from Sep. 2012 to May,9,2014.

c) Sample size and sample technique

The study includes all DM patients with
hypertension and type 2 DM who develop a problem
with HCT use from 1200 patient with hypertension and
type 2 DM, so that no sampling technique was used.

d) Inclusion and Exclusion Criteria

The study includes all DM patients with
hypertension who develop a problem with HCT use. The
study exclude DM pediatric patient age group less than
fifteen (15) years and DM patient who did not develop a
problem with use of HCT.

Study Variable
v Dependent variable

e Fasting blood glucose level
e Hypokalemia
e Hyperglycemia
e Insulin response
v Independent variable
Age
Sex
Educational status
Marital status
Income
Residence
Religion

VVVVVVY

e) Data collection
Data was collected from patient information
sheet and physician diagnosis card by using check list.

) Data processing and Analysis
After data have been collected it
categorized and analyzed by using SPSS-20.

was

g) Ethical consideration

Before data collection to conduct this study
ethical approval was obtained from Ambo University
College of medicine and health science research team
leader and the letter was submitted to Adama referral
hospital medical director office prior to the beginning of
undertaking the study in the area

h) Quality assurance

Before starting of the actual data collection pre
test was done on 5% of patient information sheets to
ensure their completeness, validity, reliability and
consistency.

i) Ope rational Définition
Hyperglycemia : Refers to blood glucose
126mg/dl

Hypokalemia: refers to serum potassium concenteration
< 3.5 meqg/L

Diuretic : are substance that remove fluides from the
body by increasing urine out put

High response, Occur when FBS returned to normal with
respect to insulin injection in diabetic patient using HCT.

Low response, Reduction of FBS by 10sin unit after
insulin injection in diabetics’ patient using HCT.

level >
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[11. RESULTS

In this study a total of 1200 patient card with
hypertension and type 2 diabetes were observed, from

which only 60 patient a problem associated with
hydrochlorothiazide diuretic had. Among these patient
55 % were female and 38.3 % were in the age group of
40-50 years and mean age was 51 years (Table 1).

Table 1 : Age and sex distribution of study population in AHMC diabetes clinic, 2014

Age(years)

frequency
18-30 -
30-40 8
40-50 23
50-60 16
>60 13
Total 60

percent

13.3% = 8

38.3% 8 15

26.7% 9

21.75% 10 3
100 27 33

In this study the dose of hydrochlorothiazide
diuretic that were prescribed in all 60 patient with
hypertension and type 2 diabetics was 25mg daily, this
dose was considered as high dose. During this study
despite the necessity of lower dose, 12.5mg per day of
hydrochlorothiazide in diabetic patient none of the
patient (100%) were found to take this advisable lower
dose (12.5mg).

Based on the data from the study the fasting
plasma blood glucose level distribution of the patients
since they start taking HCT was found with 5patients
(8.33% of the patient) reported of having fasting plasma
blood sugar greater than 250 mg/d! followed by 16.6%,
40%, and 35% of the patient reported to have fasting
plasma blood sugar in the range of 90-100mg/dl, 100-
150mg/dl and 150-250mg/d! respectively according to
the following figure.

8.33%

35%

= 90-100
m 100-150
= 150-250
m >250

Figure 1: Fasting plasma blood glucose level at the start of HCT in AHMC diabetic clinic

Among 60 patient cards observed in DM clinic,
around 49 (82%) patient cards were showed to have
more increased fasting plasma glucose level after long
term use of HCT than at the start of HCT. Only 2% of the

© 2015 Global Journals Inc. (US)

patients were reported to have unchanged fasting blood
sugar after long term use of HCT (Table 2).
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Table 2 : Fasting plasma blood glucose level after long term use HCT in diabetic clinic of AHMC

FBS AFTER LONG USE of HCT frequency PERCENT
Increased 49 82 %
decreased 10 16.6 %
unchanged 1 2%

However, after discontinuation of HCT, from 60
patient cards nearly 54(90%) of the patient resulted in
more decreased FBS than when on HCT. (Table 3)

Table 3 : Fasting plasma blood glucose level after discontinuation of HCT in diabetic clinic of AHMC

FBS after HCT discontinuation frequency Percent
increased 3 5%
decreased 54 90 %
unchanged S 5%

Response to insulin in the patient using HCT the  not taking insulin. Based on sex from 5 high responding
response were reported as only 5(8.3%) patient were  patients 3 of them were female and from 20 low
resulted in high response and 20 (33%) were resulted in  responding patients 11 of them were female.
low response while the rest 35(58%) of the patient were

Bar Chart
20_ i
M high
Hiow
O net done
15—
e
=
2
O 107

male female

sex

Figure 2 : responses to insulin in both male and female using HCT in diabetic clinic of AHMC
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Time taken for HCT before it was resulted in
increased FBS were reported as 70% of the patient were
develop hyperglycemias within start to six month and
27% and 3% of the patient were develop
hyperglycemias within 6 month -1 year and 1 year -2
year respectively. Regarding serum potassium
electrolyte, in 100% of the study population no serum
potassium electrolyte test was conducted in AHMC
diabetic clinic.

IV. DISCUSSION

The primary goal of studying the use of HCT in
adult diabetic patient was to reduce the adverse
metabolic effect associated it, improving patient quality
of life and reducing diabetic related mortality and
morbidity through proper monitoring of laboratory value
related to HCT such as serum electrolyte, glucose level
and insulin sensitivity. If we are to continue to use HCT
in adult diabetic patient we must minimize adverse
metabolic effect and one way to do that is to use lower
doses. This study was in line with study done in Belfast
university of United Kingdom.

The most common problem that associated
with the use of HCT in adult diabetic patient was an
increase in FBS (82%), followed by low response to
insulin injection (37%) which indicates insulin resistance
that occurred as a result of hypokalimia caused by
hydrochlorothiazide. This is consistent with study done
in university of Atlanta on male and female of age group
of 17-65 year (9).

After discontinuation of HCT use in adult
diabetic patient in AHMC from targeted study population
around 90% of patient found to have decreased fasting
serum blood glucose and only 5% of the patient found
to have elevated serum blood glucose level after HCT
discontinuation compared to 82% of the same study
population with elevated serum blood glucose level
before HCT discontinuation. Minor glucose elevation
after HCT discontinuation may be due to non adherence
to medication and error in laboratory result while
decreased serum blood glucose level after HCT
discontinuation was indicating that HCT was highly
associated with hyperglycemias. This study is similar
with recommendation of current national clinical guide
line.

From study population 55% were female and
38.3% were in the age group of 40-50 years which is the
age group mostly associated with HCT induced serum
blood glucose elevation because of this age group is
among the older age group associated with elevated
serum glucose. According to this study the patients in
the older age are more associated with HCT induced
hyperglycemias than patient in the younger age in
AHMC (38% v 8.33%) and this is because of risk factor
for hyperglycemias is higher at this age group. This
study was in line with the study done in America were
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younger and older age prevalence of HCT induced
hyperglycemias is 6.7% and 43% respectively.

Regarding response to insulin in the diabetic
patient using HCT, only 5% of the patient reveals high
response to insulin therapy while 37% of the study
population shows low response to insulin during this
study and this higher resistance to insulin therapy during
HCT therapy is most probably due to
hydrochlorothiazide induced hypokalimia as a result of
decreased serum potassium level which cause
decreased insulin secretion or decrease insulin
sensitivity. This study was in line with study done in
Texas, USA.

Regarding the dose of hydrochlorthiazide 25mg
dose per day was higher dose in diabetic patient that
can be resulted in thiazide induced hyperglycemia in
82% of diabetic patient according to this study. This may
be due to the greater serum potassium reduction with
25mg of hydrochlorothiazide than 12.5mg
hydrochlorthiazide and  Fasting serum  insulin
concentration was significantly increased after 12 weeks'
treatment with Hydrochlorothiazide 25.0 mg  but not
with 12.5 mg. Endogenous glucose production was
significantly higher after 25 mg compared with 12.5 mg
HCT. This report was in line with the study done in
Queen University of United Kingdom.

V. CONCLUSION

In general, the result of this study indicated that
elevated fasting serum glucose level was the main
problem associated with the use of HCT in adult
diabetic patient among the study population. Decreased
response to insulin and hypokalimia are the rest
problem associated with HCT in adult diabetic patient.
The dose of HCT above 12.5mg per day was associated
with HCT induced diabetic complications.

VI. RECOMMENDATION

» Most problems associated with the use of HCT in
adult diabetic patient require laboratory result for
monitoring and follow up. Therefore, there should be
enough qualitative and effective laboratory
equipment and highly trained professional in Adama
Hospital Medical College diabetic clinic

» Before prescribing HCT in diabetic patient the value
of serum electrolyte should be done.

» This health facility required to have electrolyte
measuring device.

» There should be adequate potassium
supplementation in patient with diabetics using
HCT.

» There should be monthly glucose tolerance test in
patient with diabetics using HCT.

» All physician should prescribe the lower dose
12.5mg of HCT in adult diabetic patient in AHMC



Abbreviation and Acronymes

» HCT : hydrochlorothiazide

> DM : diabetes mellitus

» WHO : world Heath organisation

» AHMC : adama hospital medical collage

» ALLHAT: Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial )

» SHEP : Systolic Hypertension in the Elderly Program

» IGT: impaired glucose tolerance

» IFG: impaired fasting glucose

» F BS. Fasting serum blood glucose level
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All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

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

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

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

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

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

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

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

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

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

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

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

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

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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

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

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

XVII



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

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

XVIII



Abstract:

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

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

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

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

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

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

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

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

Approach:

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

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

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

XIX



®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

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

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

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

®  Describe the method entirely

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

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

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

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

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

What to keep away from

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

Results:

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

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

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

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

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

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

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

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

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

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

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

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

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

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

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

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

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

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

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

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

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

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

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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