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Microbiological Assay for Quantitative Determination of the Antibiotic Imipenem in
Powder for Injection.

Running title: Microbiological Assay for Quantitation of Imipenem.

RESUMO
O presente trabalho aborda o desenvolvimento e validação de um método
microbiológico utilizando o ensaio de cilindros em placas, para a determinação quantitativa do
antibiótico imipenem na forma farmacêutica de pó para injeção. O objetivo do trabalho
envolveu o estudo analítico de desenvolvimento de uma metodologia alternativa efetiva e de
baixo-custo aos métodos físico-químicos já descritos, e aplicável na rotina de controle de
qualidade deste antibiótico. Na etapa de desenvolvimento do método, foram otimizadas as
condições analíticas, tais como: escolha do microrganismo teste, concentração do inóculo e
faixa de concentração das soluções amostra e padrão, permitindo a adequada medição dos halos
de inibição. Empregou-se Staphylococcus epidermidis ATCC 12228 como microrganismo
teste, concentração do inóculo de 2%, e faixa de concentração de análise entre 0,5-2,0 µg/mL.
O protocolo de validação seguiu as guias oficiais e os parâmetros avaliados foram linearidade,
precisão (precisão intermediária e repetibilidade) e exatidão. No estudo da linearidade, todas as
curvas padrão obtidas tiveram coeficiente de correlação superior a 0,999 e a ANOVA
confirmou que não houve desvios de linearidade (p-valor < 0,05). O método mostrou-se preciso,
com valores de DPR (%) na faixa de 0,28-0,64 (intra-dia), e de 2,49 (inter dias). Os
experimentos foram realizados em 3 dias, sendo 3 ensaios com 8 placas por dia. O teor médio
de imipenem foi de 101,05 %. A exatidão foi avaliada pelo teste de recuperação, com percentual
recuperado de 101,70 - 107,90%, sendo considerado satisfatório. Dessa forma, o método
proposto foi considerado validado e adequado à determinação quantitativa do imipenem em pó
para injeção, sendo uma alternativa no controle de qualidade deste antibiótico.

Palavras-chave: imipenem, ensaio microbiológico, determinação quantitativa, validação,
controle de qualidade.
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ABSTRACT
This work describes the development and validation of a microbiological method using
the cylinder-plate assay for quantitative determination of imipenem in powder for injection.
The aim was to obtain a low-cost and suitable methodology which can be an alternative to
physicochemical techniques already described, contributing for the quality control of this
antibiotic. Firstly, the analytical conditions were optimized, such as the choice of the test
microorganism, inoculum concentration and best range of sample and standard concentrations,
in a way that provides the adequate measurement of the inhibition halos. Staphylococcus
epidermidis ATCC 12228 was selected as test microorganism, 2.0 % of inoculum
concentration, and the analytical concentration ranging 0.5-2.0 µg mL-1. The validation protocol
followed the official guidelines, and the parameters evaluated were linearity, precision
(intermediate precision and repeatability) and accuracy. All standard curves obtained in
linearity study showed r values higher than 0.999, and ANOVA confirmed that were no
deviation from linearity (p-value < 0.05). The method also proved to be precise with RSD
(relative standard deviation) values ranging 0.28-0.64 for repeatability and 2.49 for intermediate
precision. It was performed three days of experiments, being three assays of eight plates a day.
The drug mean content was 101.05%. Accuracy was assessed by recovery test, with standard
recovery percentage of 101.70-107.90% (mean recovery = 104.86%), which was considered
satisfactory. Therefore, the proposed microbiological method was considered validated and
suitable for application in quantitative determination of this drug, being useful for quality
control routine.

Keywords: imipenem, microbiological assay, quantitative determination, validation, quality
control.
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1. Introduction
Imipenem

(Fig.1),

or

chemically

(5R,6S)-3-[2-(aminomethylideneamino)

ethylsulfanyl]-6-[(1R)-1-hydroxyethyl]-7-oxo-1-azabicyclo [3.2.0] hept-2-ene-2-carboxylic
acid, is a broad spectrum beta-lactam antibiotic belonging to the subgroup of carbapenems,
which are drugs structurally composed of a pentacyclic thiazolidinic ring attached to the
nitrogen of the beta-lactam ring by a tetrahedral carbon atom [1]. Derived from thienamycin,
imipenem is the oldest carbapenems available for clinical use, approved in 1986 in the USA
[2]. It has activity against most of the Gram-positive and Gram-negative, aerobic and anaerobic
bacteria [1], including those beta-lactamase-producing bacterial pathogens. This occurs due the
greater stability of pentacyclic ring that is attached to beta-lactam ring against the action of
these enzymes [3]. However, drug-resistance has been reported in Gram-negative bacteria since
the drug was introduced in the market, for example in some strains of Pseudomonas aeruginosa
[4].
Currently in Brazil, in addition to imipenem, the only carbapenems marketed for clinical
use are meropenem and ertapenem. Doripenem the newest of the group, has recently completed
Phase III clinical trials but is marketed only in EUA and Europe [5]. Clinically, imipenem is
used to treat several polymicrobial infections, such as pneumonia and complicated
gastrointestinal tract infections, bacteremia, and etc. The recommended dose is 2 g/day in adults
with normal renal functions [4]. However, imipenem is hydrolyzed by a renal dehydropeptidase
(dehydropeptidase I) [3], being inactivated, requiring co-administration of cilastatin, an
inhibitor of this enzyme in clinical use. Imipenem and cilastatin are marketed as powder for
injection (1: 1 w/w) in doses of 250 and 500 mg, since they are not absorbed orally. Most often
they are given intravenously by infusion, but in case of treatment less severe infections, they
can be given intramuscularly (in dose of 750 mg) [6]. For convenience, in this paper, the term
imipenem will be used to refer to the drug with cilastatin.
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Antibiotic drugs can be analytically determined in biological fluids and pharmaceuticals
by several methods. Widely described in the literature are physicochemical techniques as highperformance liquid chromatography (HPLC) methods, coupled with several detectors, such as
diode array and mass spectrometry. To determine imipenem in biological fluids are found in
literature some HPLC methods, by ultraviolet (UV) detection for human plasma [7-8], by diodearray detection for mouse plasma [9] or spectrophotometric and chemometric technique for
human urine [10] and so on, some of it for application in pharmacokinetic studies. On the other
hand, for pharmaceutical dosage forms, the literature reports derivate spectrophotometric [1112], and Reverse Phase-UPLC method for quantification of related imipenem impurities in
dosage forms for injection [13]. In fact, antibiotics play an increasingly important role in
pharmacotherapy because of their wide use in the clinical practice, so it is extremely important
to develop alternative methods that allow their analytical determination in existing
pharmaceutical forms [14].
Microbiological assays have been widely used to determinate antibiotic drugs along the
years [14-16]. These methods are recommended by several pharmacopoeias, like the USA and
European Pharmacopoeias [17-19]. Different techniques are described in microbiological
assays that are used for antibiotic drugs for determinate antibacterial activity, like paper disk
procedures, standard broth microdiluition assay, and cylinder-plate assay. The latter, besides
the evaluation of the inhibitory effect of the antibiotic on the growth of the test microorganisms
[14], makes possible its quantitative determination by means of logarithmic relation between
the drug concentration and antimicrobial potency.
Therefore, microbiological assays can be an alternative to the physicochemical methods
like HPLC, not requiring sophisticated equipment or toxic solvents, and being viable to use
even in small laboratories. For carbapenems, two microbiological cylinder-plate assays are
described for meropenem and doripenem, both developed to determine the drugs in powder for
5

injections [14,20] There is no microbiological cylinder-plate assay described in official codes
or scientific literature for quantitative determination of imipenem in pharmaceutical dosage
form. Thus, the present manuscript reports the development and validation of microbiological
assay to determinate imipenem in powder for injection, applying the cylinder-plate method.

2. Material and Methods

2.1. Chemicals
Imipenem reference standard (85.5%) was obtained from Sigma-Aldrich (St. Louis,
Missouri, EUA). Powder for injection containing 500 mg of Imipenem monohydrate and 500
mg of Cilastatin sodium was purchased from ABL Antibiotics (Cosmópolis, SP, Brazil). For
microbiological assay, DifcoTm Antibiotic Media number 11 obtained from Interlab® (São
Paulo, SP, Brazil), and Grove Randall number 1 agar from Merck (Darmstadt, Germany) were
used. All solutions were prepared in distilled water and sterilized before each experiment.
Analytical grade sodium chloride of the Synth LTDA (São Paulo, SP, Brazil) was used for
preparation of inoculum suspension.

2.2. Microbiological assay

2.2.1. Microorganism and inoculum
Staphylococcus epidermidis ATCC 12228 was chosen as microorganism test for
development of this study. The strains were cultivated on slant preparation with number 1 agar
and kept in freezer. One day before the assay, the microorganism was inoculated to another
slant preparation with the same agar that was kept in incubator at 35° C for 24 hrs. The inoculum
suspension was prepared using NaCl 0.9% solution sterile, which was standardized with 25 ±
2% of transmittance at 580 nm, using a spectrophotometer Analyser® Model 800 (São Paulo,
SP, Brazil). NaCl 0.9% solution was used as blank of absorption. Portions of this inoculum
6

suspension were inoculated into erlenmeyer flasks containing number 11 agar in order to obtain
a concentration of 2% inoculum, being kept at 47 ± 2° C. Then, 6 mL of this inoculum (2%)
were applied over the base layer (composed by 20 mL of number 11 agar) in the plates.

2.2.2. Standard and sample solutions
Imipenem standard solution was prepared for each experiment. Sterile distilled water
was used as solvent for drug solubilization and subsequent dilutions. The drug (10 mg) was
accurately weighed and transferred to 100 mL volumetric flask, and distilled water was added
to make up to volume and give the final concentration of the stock solution. This stock solution
(imipenem 100 µg/mL) was used during the experiment. For sample solution, the same protocol
was applied starting from an amount equivalent to 10 mg of imipenem powder for injection.
Both stock solutions (100 µg/mL) were used in the subsequent dilutions.

2.2.3. Cylinder-plate assay
The 3 x 3 design was performed with 8 plates for assay, following the procedure
recommended by official reference [18]. The 100 x 20 mm petri dishes were filled with number
11 agar in two separate layers: the base layer and the surface layer. The base layer was
composed by 20 mL of number 11 agar and the surface layer was composed by 6 mL of
inoculum (2%). Six 8 mm cylinders were distributed over the surface layer in each plate, for
subsequent application of the drug-containing solutions.
These cylinders were filled with 200 µL of standard solution or sample solution in three
different concentrations of each, and then, the plates were incubated in dry air stove at 37 °C
for 18 hours. Inhibition halos were measured using a digital caliper Starret® and the data
collected were analyzed for antimicrobial potency calculations, by correlating diameter of
inhibition halos and log of drug concentration.
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2.2.4. Preliminary assays
Two concentrations were tested for inoculum suspension (1% and 2%) in a preliminary
assay with 20 plates, being 10 plates with each concentration of inoculum. At the same
preliminary experiment, two ranges of concentrations for standard and sample solutions were
tested: 1; 2 and 4µg/mL and 2; 4 and 8 µg/mL, which was prepared from the stock solutions.
In the plates with 1% of inoculum concentration, the two ranges of dilutions for standard and
sample solutions were tested (5 plates for each group). The same procedure was done for the
plates with 2% inoculum concentration. The results were compared to evaluate the
microorganism growth and inhibition halo measurements.
Another preliminary experiment was performed from observation of previous results,
using 2% of inoculum concentration and testing three new concentrations for standard and
sample solutions: 0.5; 1 and 2 µg/mL. Here, the focus was the inhibition halo sizes, which must
to be adequate for practical measurement and to avoid possible interferences.

2.2.5. Method validation

2.2.5.1. Linearity and Precision (repeatability and intermediate precision)
To evaluate linearity, three concentrations were prepared from the stock solutions of
imipenem standard. The stock solution was diluted in volumetric flasks (10 mL) with sterile
distilled water and the final concentrations obtained was 0.5; 1 and 2 µg/mL. Linearity was
assessed by constructing nine standard curves in three days of assay, being three curves a day,
and each curve considered the results from eight plates. The analysis of linear regression was
performing using least squares regression method and statistical analyses to validate the results
were performed using ANOVA. The repeatability (intra-day) was evaluated comparing results
of three eight-plate assays, performed in the same day at the same conditions, and the
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intermediate precision was evaluated comparing results of three different days of experiment,
being three assays of eight plates a day. Relative standard deviation (RSD) was calculated.

2.2.5.2. Accuracy
The accuracy was assayed by recovery method. Known quantities of standard solutions
were added to sample solutions with nominal concentrations of 0.5; 1 e 2 µg/mL. The amount
of standard added corresponds to 10% of these solutions concentrations. Then, the recovery
percentages of the standard added were calculated. The results from three eight-plate assays
performed in the same day were used in the calculations. Relative standard deviation (RSD)
from the analyses was also calculated.

3. Results and Discussion

3.1. Optimization of the methodology
The success in a method validation is widely dependent of well-established analytical
conditions. In particular case of microbiological methodologies, where there is a great source
of variations that may interfere on analysis, is important the optimization of the conditions in
order to obtain a reliable and reproductive method. Development and validation of analytical
methods has been a lot explored in quality control, because of their importance in
pharmaceutical analysis [27]. It’s increasingly important to have alternative methods which can
be applied to several pharmaceutical dosage forms considering each drug-chemical
characteristics, and suitable to the different routines of the pharmaceutical laboratories [29].
The microbiological assay using the cylinder-plate assay and 3x3 design (three concentrations
of standard and sample in the same plate) has been recommended by official references [17],
being used for many antibiotics of several groups. The principle of this method is the drug
diffusion on an agar surface inoculated with a microorganism, producing a zone of inhibition
9

of growth that is measured and your size is a function of the drug concentration [21,22,30], that
way, this assay also allows to determine the drug potency and detects small variances of their
biological activity. Agar diffusion methods has been the methodology chosen for water-soluble
antibiotics [28]. All the culture medium used for this study were selected based on similar
methodologies described for others similar carbapenems: meropenem and doripenem [14,19].
The antimicrobial activity of Imipenem against Gram positive bacteria is demonstrated
[1,22]. So, it was chosen as test microorganism one Gram positive bacteria widely distributed
on hospital environment: Staphylococcus epidermidis. In last decades due to increase of
immunocompromised population, bacteria as Staphylococcus epidermidis has won importance
as common cause of many nosocomial infections [23]. Beside this, your availability on our lab
as well its adequate growth in the culture media selected and reproducibility on measurement
of halos also were considered. So, two different concentrations for the inoculum suspension in
a preliminary experiment with 20 plates were tested, with 10 plates for each inoculum
concentration: 1% and 2%. It was observed that 2% concentration achieved a better growth in
conditions and media tested, getting a more uniform growth.
From this result, another preliminary experiment tested different dilutions for standard
and sample using plates with 2% of inoculum concentration. For convenience, these
concentrations will be referenced here in two groups, range 1 for concentrations 1.0; 2.0 and
4.0 µg/mL, and range 2 for concentrations 2.0; 4.0 and 8.0 µg/mL. It is very important for a
better and more reliable measure of inhibition halos to have adequate separation between them
in the surface layer. For it, it is important to found a range with a good response from geometric
progression used in the calculations. The two ranges tested did not provide a good response in
terms of reproducibility and inhibition halo sizes, as expected. In this case, it was observed a
very large halo sizes. Based on these first preliminary results, we tested another experimental
variation focused on concentration range, testing 0.5; 1 and 2 µg/mL. Now, the result was
10

satisfactory because allowed adequate separation and reproducible measure of inhibition halos,
as illustrated (Figure 2). So, one additional experiment was performed with the defined
analytical conditions to test the reproducibility, showing satisfactory results.

3.2. Method validation
The validation parameters were linearity, precision (repeatability and intermediate
precision) and accuracy of the method. All analytical procedures followed what is described in
official guideline from ICH (International conference on harmonization) [24] and current
edition of Brazilian pharmacopoeia [18].
From linearity, the method aims to obtain a linear relation between the variables drug
concentration and the drug response represented by inhibition halo sizes, for a determinate
range of concentration [25]. For it, it is constructed standard curves that correlates inhibition
halo sizes with drug concentration in logarithmic values. In this work it was constructed nine
standard curves in three days of analysis, being three curves a day at the same conditions. The
standard curves considered each one 8 plates, totalizing 24 plates at the same day. The range of
drug concentration assayed was 0.5; 1.0 and 2.0 µg/mL. The means of halo diameters for each
drug concentration were 15.20 mm (RSD = 2.87); 19.45 mm (RSD = 1.42) and 23.12 mm (RSD
= 2.76), respectively. In agreement to official guidelines the r value (correlation coefficient) of
the standard curves needs to be close or equal 1.0, in order to demonstrate the best linear relation
between the variables. In this work all curves obtained a r value > 0.99, being considered very
satisfactory. A standard curve obtained in third day of analysis with r = 0.9991 is illustrated
(Figure 3).
The linear regression analysis performed by ANOVA (analysis of variance) was used
to prove the linearity performance, and did not shown deviations from parallelism or significant
differences from the medium values (p value < 0.05), as recommended in official guidelines
11

[18, 19]. The Table 1 illustrates the ANOVA applied to results of third day of analysis,
considering 24 plates results (equivalent to three assays with 8 plates).
According to official codes, the evaluation of precision can be expressed in two levels:
repeatability and intermediate precision. Repeatability demonstrates the variation between
sequential determinations of the drug sample in assays performed in the same day under the
same conditions while the intermediate precision shows the variation between determinations
performed in at least two different days in the same laboratory, under the same analytical
conditions, being expressed as RSD [25]. As preconized in 3 x 3 design of cylinder plate assay,
during precision both commercial sample and reference standard were analyzed in all
experiments and then, the imipenem content was calculated. To access repeatability and
precision intermediate, results of six assays with 8 plates were considered in three days of
analysis (three assays with 8 plates a day) and the calculated RSD were satisfactory in all the
cases (RSD = 0.28-0.64). The mean drug content was 101.05% (RSD=2.49) (Table 2). As
described in imipenem monograph found in US pharmacopeia, the powder for injection has to
contain 90-115% of Imipenem and Cilastatin [17], being that way, all the results were
considered satisfactory. Microbiological assay is classified as biological assay and generally,
have a highly variation of results [26] in comparison with analytical methods like HPLC.
Despite of this, the RSD values obtained in the purposed method were adequate, being below
to 5% for all experiments, showing that this microbiological assay is suitable to determine
imipenem in drug formulation despite the inherent variation of biological assays.
The accuracy of the method consists in the capacity to obtain results close to the real
values, in other words, is the grade of agreement between experimental results and the results
accepted [25]. In this proposed method, accuracy was demonstrated by recovery test as it is also
described for other methodologies applied to other carbapenems and validated already [14,20].
The percentage of recovery obtained was between 101.70 – 105.20% (mean recovery =
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104,86%) with RSD= 2.95 (Table 3), each result considering three assays with six plates each
one. So the recovery percentage obtained was considered satisfactory to determine imipenem.
Another validation parameter could be studied is robustness, which it is very worked in
physicochemical methods and express the capacity of the method to resist to small variations
in analytical conditions [25,27]. However, considering a bioassay whose results are dependent
of microorganism and intrinsic variations are common in analytical routine, this parameter is
not mandatory. Despite of the microbiological assays have a greater variation, these variations
cannot compromise the analytical determination of the drug, regarding to their validation
parameters, therefore it is essential to keep the behavior and execution of the method under very
attention [20]. Considering that microbiological assays have variations presents during all
process, and that in most cases, the authors referenced in this work did not describe robustness
determination for the same methodology [14,20] we decided, in the first moment, do not include
the study of this parameter on this validation.

4. Conclusions
This paper proposed the development and validation of a microbiological assay able to
determine imipenem in powder for injection, having a good analytical performance from
execution of the validation protocol. From all results already presented, the method proposed
was considered validated because it demonstrated linearity, precision and accuracy. So, the
microbiological cylinder-plate assay can be utilized in quality control routine applied to
quantitation of imipenem in powder for injection, being an alternative for usual analytical
methods like HPLC.
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SUPPLEMENTARY MATERIAL

Figure legends
Figure 1. Chemical structure of Imipenem.
Figure 2. Illustrative plate with 2% of concentration of inoculum obtained from three
concentrations of imipenem standard (P) and sample (A): A1 and P1 for 0.5 µg/mL; A2 and P2
for 1.0 µg/mL and finally, A3 and P3 for 2.0 µg/mL. Growth on antibiotic media number 11,
obtained during development of a quantitative microbiological assay for imipenem in powder
for injection./
Figure 3. Standard curve correlating diameter of inhibition zone (mm) versus logarithmic of
drug concentration (µg/mL), obtained from microbiological assay developed to quantitation of
imipenem in powder for injection.
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Figure 2
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Figure 3
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Table 1. Analysis of variance (ANOVA) from quantitative results of linearity (third day)
obtained during validation of microbiological assay for imipenem in powder for injection.

Variation sources

Degrees of
freedom

Sums of
Squares

Mean
Squares

F-calculated

F-value

Preparation

1

0.005

0.005

3.88

4.12

Regression

1

509.60

509.60

395424.10

4.12

Desviation from paralelism

1

0.000

0.000

0.010

4.12

Quadratic

1

0.003

0.003

2.53

4.12

Quadratic difference

1

0.000

0.000

0.013

4.12

Difference between doses

5

509.61

101.92

79086.11

2.48

Difference between plates

7

0.009

0.001

0.951

2.29
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Table 2. Results obtained from precision intermediate (inter-day) and repeatability (intra-day),
studied during validation of microbiological assay for quantitation of imipenem in drug
formulation. Data expressed as potency (%) and RSD.
Repeatability

a

Antimicrobiala
Potency (%)

Mean
Potency (%)

RSD
(%)

Day 1

104.16
104.16
104.67

104.33

0.28

Day 2

98.59
99.81
99.96

99.45

0.76

Day 3

98.98
98.99
100.09

99.35

0.64

Intermediate precision

101.05

2.49

Each result is a mean from three assays of eight plates.
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Table 3. Mean values (%) of recovery test obtained from microbiological assay applied to
quantitation of imipenem in powder for injection.
Sample
concentration
(µg/mL)

Standard
added (µg/mL)

Recovered
Concentration
(µg/mL)

Mean of
recovery a (%)

0.5

0.05

0.051

101.70

1.0

0.10

0.107

107.90

2.0

0.20

0.210

105.20

RSD (%)
a

2.95

Each result is a mean from three assays of six plates.
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and book summary. No books must be sent to Bentham Science prior to their confirmation to
the publisher concerned.

Case Reports
Case reports should describe new observations of findings or novel/unique outcomes
relevant to the field. The total number of words for a published case report is 1500 to 2000
words with 40 or more references excluding figures, structures, photographs, schemes, tables
etc. There is no restriction on the number of figures, tables or additional files e.g. video clips,
animation and datasets, that can be included with each article online. Authors should include
all relevant supporting data with each article (Refer to Supplementary Material section).

Manuscript preparation
The manuscript should be written in English in a clear, direct and active style. All pages
must be numbered sequentially, facilitating in the reviewing and editing of the manuscript.

Sections in manuscripts
Manuscripts submitted for research and review articles in the journal should be divided
into the following sections: 1) Title, 2) Title Page, 3) Structured Abstract, 4) Graphical Abstract,
5) Keywords, 6) Text Organization, 7) Conclusion, 8) List of Abbreviations (if any), 9)Consent
for Publication, 9) Conflict of Interest, 10) Acknowledgements, 11) References, 12)
Appendices, 13) Figures/Illustrations (if any), 14) Chemical Structures (if any), 15) Tables (if
any), 16) Supportive/Supplementary Material (if any).

Title
The title of the article should be precise and brief and must not be more than 120
characters. Authors should avoid the use of non-standard abbreviations and question marks in
titles. The first letter of each word should be in capital letters except for articles, conjunctions
and prepositions. Authors should also provide a short ‘running title’. Title, running title, byline,
correspondent, footnote and key words should be written as presented in original manuscripts.

Title Page
Title page should include paper title, author(s) full name and affiliation, corresponding
author(s) names complete affiliation/address, along with phone, fax and email.
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Structured Abstract
The abstract of an article should be its clear, concise and accurate summary, having no
more than 250 words, and including the explicit sub-headings (as in-line or run-in headings in
bold). Use of abbreviations should be avoided and the references should not be cited in the
abstract. Ideally, each abstract should include the following sub-headings, but these may vary
according to requirements of the article: Background, objective, method, Results and
conclusion.

Keywords
6 to 8 keywords must be provided. Choose important and relevant keywords that
researchers in your field will be searching for so that your paper will appear in a database search.
In biomedical fields, MeSH terms are a good ‘common vocabulary’ source to draw keywords
from https://www.nlm.nih.gov/mesh/meshhome.html.

Text Organization
The main text should begin on a separate page and should be divided into title page,
abstract and the main text. The text may be subdivided further according to the areas to be
discussed, which should be followed by the Acknowledgements and Reference sections. For
Research Articles, the manuscript should begin with the title page and abstract followed by the
main text, which must be structured into separate sections as Introduction, Material and
Methods, Results, Discussion, Conclusion, Conflict of Interest, Acknowledgements and
References. The Review Article should mention any previous important old and recent reviews
in the field and contain a comprehensive discussion starting with the general background of the
field. It should then go on to discuss the salient features of recent developments. The authors
should avoid presenting material which has already been published in a previous review. The
authors are advised to present and discuss their observations in brief. The manuscript style must
be uniform throughout the text and 10 pt Times New Roman fonts should be used. The full term
for an abbreviation should precede its first appearance in the text unless it is a standard unit of
measurement. The reference numbers should be given in square brackets in the text. Italics
should be used for Binomial names of organisms (Genus and Species), for emphasis and for
unfamiliar words or phrases. Non-assimilated words from Latin or other languages should also
be italicized e.g. per se, et al. etc.
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Section headings
Section headings should be numbered sequentially, left aligned and have the first letter
capitalized, starting with the introduction. Sub-section headings however, should be in lowercase and italicized with their initials capitalized. They should be numbered as 1.1, 1.2, etc.

Introduction
The Introduction section should include the background and aims of the research in a
comprehensive manner.

Materials and methods
This section provides details of the methodology used along with information on any
previous efforts with corresponding references. Any details for further modifications and
research should be included.

Results
Results should be precise.

Discussion
This should explore the significance of the results of the work, present a reproducible
procedure and emphasis the importance of the article in the light of recent developments in the
field. Extensive citations and discussion of published literature should be avoided.The Results
and Discussion may be presented together under one heading of “Results and Discussion”.
Alternatively, they may be presented under two separate sections (“Results” section and
“Discussion” Sections). Short sub- headings may be added in each section if required.

Conclusion
A small paragraph summarizing the contents of the article, presenting the final outcome
of the research or proposing further study on the subject, may be given at the end of the article
under the Conclusion section.

Appendices
In case there is a need to present lengthy, but essential methodological details,
appendices must be used, which can be a part of the article. An appendix must not exceed three
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pages (Times New Roman, 10 point fonts, 900 max. words per page). The information should
be provided in a condensed form, ruling out the need of full sentences. A single appendix should
be titled APPENDIX, while more than one can be titled APPENDIX A, APPENDIX B, and so
on.
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